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EXECUTIVE SUMMARY

Since the signing of the Hanford Federal Facility Agreement and Consent Order (Tri-
Party Agreement (TPA)) in 1989, the parties to the agreement have recognized the need to
modify the approach to conducting investigations and studies at Hanford with a goal of
maximizing efficiency, optimizing use of limited resources, and achieving cleanup in the
earliest possible time frame. To implement this approach, the parties have jointly developed
the Hanford Site Past Practice Strategy (DOE-RL 1991d). The principles of the strategy are
embodied in the Hanford Federal Facility Agreement and Consent Order Change Package,
dated May 13, 1991 (Ecology et al. 1991).

An important aspect of the past practice strategy and its associated TPA change
package recognizes that the Hanford Site presents a number of unique circumstances that call
for innovative approaches to conducting investigations and feasibility studies (FS). The 100
Area has been divided into 25 operable units (OU) based largely on location. While these
units are separated geographically, they all contain sites which are very similar with regard
to types of contaminants and methods of disposal. Consequently, the Hanford Site Past
Practice Strategy as applied to the 100 Area defines an aggregate approach to evaluate groups
of sites based on their similarity, as opposed to their geographical location and operable unit
designation.

Thus the 1991 TPA change package mandates that, rather than performing separate
feasibility studies for each of the 100 Area OUs, the feasibility studies should evaluate
remedial alternatives for the entire 100 Area. To meet this objective, the change package
called for three "base" reports which would consider: 1) source operable units (except 100-N
Area), 2) groundwater operable units, and 3) 100-N Area, as it is distinctly different from
the other 100 Areas. The 100 Area feasibility study presented in this document meets the
objectives of the change package; however, the approach is further streamlined by
condensing the "base" studies into a single document to avoid having to duplicate large
amounts of common information, but at the same time provide separate sections to address
definition of remedial alternatives by either media or area. This not only reduces the cost of
document preparation, but also shortens the review times and reduces the potential for
document inconsistencies as a result of separate reviews. This document separates the
studies by three media: solid wastes, soil/riverbank sediments, and groundwater. Riverbank
sediments are that portion of the vadose zone, on the shore of the river, which are
contaminated as a result of fluctuating-groundwater levels near the river. Additionally, the N
Area is treated as a separate site based on its somewhat unique characteristics, making a total
of four types of sites or units evaluated.

This 100 Area Phase I/II FS is built around existing data. In a typical Remedial
Investigation/Feasibility Study (RI/FS), the Phase I/II FS is not completed until the RI Phase
I is complete, although the Phase I/II FS is often started while the Phase I RI is being
conducted. However, for the 100 Area, the size of the existing site characterization database
is larger than the end result of many RIs and is adequate for identifying and screening
remedial alternatives. Use of existing data to initiate and expedite the FS process is
consistent with the past practice strategy. New site characterization data, while important for
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later detailed analysis, would not likely affect the outcome of the alternatives development
and screening phases. Finally, waiting for limited field investigation (LFI) data to start the

FS process would cause unacceptable schedule delays in starting subsequent programs such

as treatability studies.

The 100 Area Phase I/II FS evaluates the known characteristics of the Hanford 100
Area and identifies the range of remedial alternatives that are most appropriate for protection

of human health and the environment for the entire aggregate area. The purpose of the 100
Area FS is to:

* Provide a more generalized view of applicable and workable remedial
technologies as applied to the site contamination problems as a whole

* Evaluate groups of sites based on similarity, as opposed to geographical
location and operable unit designation

* Develop and screen remedial alternatives to be used in the detailed analysis
phase in focused feasibility studies for Interim Remedial Measures (IRMs) or
final FSs for individual operable units.

BACKGROUND

Four areas of the Hanford Site (the 100, 200, 300, and 1100 Areas) have been
included on the EPA's National Priorities List (NPL) under the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA).

The Hanford Site is a 560 mi2 (1,434 km2) tract of land located in the south-central

portion of the State of Washington in the counties of Adams, Benton, Franklin, and Grant.
The 100 Area lies along the southern shoreline of the Columbia River at the north end of the

Hanford Site (See Figure 1-1).

Between 1943 and 1962, nine water-cooled, graphite-moderated plutonium production

reactors were built along the shore of the Columbia River upstream from the now-abandoned
town of Hanford. Eight of these reactors (B, C, D, DR, F, H, KE, and KW) are retired
from service and are under evaluation for decommissioning. The ninth reactor, N, was
recently taken out of standby status and will be retired.

Waste disposal practices associated with operations of the 100 Area reactors resulted
in substantial releases of contamination to both soil and groundwater media in the vicinity of

the reactors. The major sources of contamination stem from the use of large amounts of

cooling water, which flowed through the reactor core. This cooling water was often
contaminated with significant concentrations of radionuclides. As a result of leaks in the

spent cooling water transfer systems and as a result of intentional water disposal in cribs and
trenches, significant volumes of soil and underlying groundwater have become contaminated.
In addition, solid wastes contaminated primarily with radionuclides were buried in unlined
trenches.
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Solid and liquid waste disposal units and groundwater plumes constitute the 100 Area
past practice OUs. However, reactor and other major buildings are excluded from the past
practice OUs. These will be decommissioned as part of the Surplus Reactors
Decommissioning Program and are thus outside the scope of this FS.

Since shutdown of the production reactors, limited environmental investigations have
been performed to characterize the nature and extent of the contamination. Such
investigations, while not totally definitive, especially for non-radiological contaminants, have
provided a reasonably solid database upon which studies of remedial approaches can be
performed. The compilation of existing information on waste releases and environmental
sampling is summarized in this report and forms the basis for conducting these phases of the

feasibility study.

SUMMARY OF THE FEASIBILITY STUDY

The 100 Area Phase I/II FS consists of four principal tasks:

* Identify contaminants of concern for the media of concern

* Identify applicable or relevant and appropriate requirements (ARARs) pertinent
to all general response actions including waste disposal

* Develop remedial alternatives (Phase I) applicable to the 100 Area including
development of remedial action objectives, development of general response
actions, identification and screening of technologies and process options, and
assembly of remedial alternatives from representative technology types

* Screen alternatives (Phase II) developed in Phase I for implementability,
effectiveness, and costs to identify those alternatives which warrant
advancement to the detailed analysis phase of future focused feasibility studies.

Seven sections are included in this FS report. Section 1.0 provides an introduction
which also includes a summary of background and existing data, including:

* A history of 100 Area operations and descriptions of facility characteristics
and waste generating processes

* Physical setting including such aspects as geology, hydrogeology,
meteorology, environmental resources, etc.

0 Nature and extent of contamination in the media of concern.

The sources of contaminants in the 100 Area consist of reactor cooling water effluent
treatment, transfer, and disposal systems; sanitary sewage treatment, transfer, and disposal
systems; solid waste burial grounds (including decommissioned facility sites); fuel fabrication
waste handling areas; miscellaneous unplanned release areas; chemical storage areas;
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maintenance and decontamination areas; and experimental laboratory disposal areas. The
major contaminants in the 100 Area are the radionuclides directly associated with reactor

operations. However, as a result of utilities production as well as decontamination and
maintenance operations, both organic and inorganic chemicals were used and disposed of,
resulting in soil and groundwater chemical contamination. While substantial sampling data
exist for radionuclide contamination, data on non-radiological contamination are somewhat
limited. The major radiological contaminants present in the 100 Area environmental media
include:

* Tritium
* Cobalt-60
* Strontium-90
* Cesium-137
* Europium-152/154/155
* Uranium-235/238
* Plutonium-239/240.

Chemical contaminants disposed to 100 Area soils as part of the liquid waste streams

include, but are not limited to:

* Chromium from sodium dichromate added to reactor cooling water

Decontamination fluids containing chromic, citric, oxalic, nitric, and sulfuric
acids

* Mercury from manometers and thermometers

* PCBs from electrical equipment.

Solid wastes included irradiated components from the reactor such as graphite,
thimbles, control rods, spacers, and process dummies as well as incidental soft wastes such

as clothing and rags. In addition, decontamination and decommissioning activities created
solid waste in the form of demolition materials which were buried in the 100 Area.

Section 2.0 of the report provides an assessment of contaminants of concern for the
100 Area. Since a baseline risk assessment has not yet been performed for the 100 Area,
one objective of this study was to provide a uniform methodology for determining potential
contaminants of concern to use as a starting point for developing remedial alternatives. The
determination of potential contaminants of concern was conducted in two phases as follows:

* The identification of regulatory contaminants of concern by comparing
concentration data for radiological and/or chemical substances potentially
released in the 100 Area with background concentrations and established
regulatory limits

* Evaluation of the toxicological significance of each regulatory contaminant of
concern.
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Decision logic diagrams were developed to determine the regulatory contaminants of
concern. (Figures 1 and 2 of Appendix A) Contaminants which the data showed were below
background were included on a suspect contaminant list, i.e., future characterization data
may warrant their inclusion as contaminants of concern. The qualitative toxicity assessment
further refined the contaminants of concern determination by evaluating the toxicological
significance of each regulatory contaminant of concern. The end product of this effort was a
list of potential contaminants of concern and suspect contaminants for sources, groundwater,
and the 100-N Area (presented in Section 2.0 and in Appendix A). A composite list,
including the potential contaminants of concern only, is provided in Table 1.

Section 3.0 documents the results of the effort to identify potential ARARs.
Three categories of ARARs are defined in the U.S. Environmental Protection Agency
document titled CERCLA Compliance with Other Laws Manual (EPA, 1988c): chemical-
specific, location-specific, and action-specific ARARs. Table 2 lists some of the more
prominent potential ARARs for the 100 Area. Determination of ARARs is an iterative
process and thus the list of potential ARARs will be refined with additional data from future
100 Area investigations and studies.

Section 4.0 documents the Phase I effort to identify and screen remedial technologies
and process options. This section also identifies remedial action objectives (RAOs), remedial
action goals and general response actions (GRAs), and provides estimates of areas and
volumes of contaminated materials.

The media of interest for the RAOs include soils, groundwater, riverbank sediments,
solid wastes generated during site remediation activities. The same media and RAOs apply
to the 100-N Area as well. In addition, this FS includes the development of remedial
alternatives which may be used to address contaminated river bottom sediments and river
pipelines should future data indicate potential threat to human health or the environment.
This analysis is provided in Appendix F.

Remedial action goals are the target cleanup levels which satisfy the RAOs, and as
such, are considered a subset of RAOs. These cleanup levels are driven by risk assessments
and/or ARARs. In lieu of site-specific investigation and risk assessment data, assumptions
were made to develop remedial goals. While the use of assumptions instead of site-specific
data provides for a greater level of uncertainty, preliminary RAOs and remedial action goals
can still be developed to a degree adequate for the Phase I/II alternatives development.
However, site-specific data and definitive risk assessments will be necessary for future
detailed analysis of alternatives. For purposes of this Phase I/Il FS, the preliminary remedial
action goals are based primarily on state and federal regulatory limits (potential ARARs)
along with selected assumptions regarding cleanup levels as developed in the Hanford Past
Practice Site Cleanup and Restoration Conceptual Study (WHC 1991c). These assumptions
are as follows:

Performance of the tasks described for this FS is based on existing site data,
primarily as documented in the eleven draft 100 Area OU RI/FS work plans
issued previously (DOE 1990a-e; 1991a-f), and supplemented by existing data
given in other documents for sites not covered by draft work plans. New
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sampling or monitoring data produced as a result of current site investigations
were unavailable to meet the FS schedule and are therefore, not incorporated.

* All sites in the 100 Area are categorized within one of the four types of sites

identified for this project (solid wastes, soils/riverbank sediments,
groundwater, and the 100-N Area.

* Sampling and monitoring data reported in source documents are assumed to be
of adequate quality to support the FS.

Estimates of volumes of contaminated media were based primarily upon values
presented in the 100 Area Hanford Past Practice Site Cleanup and Restoration Conceptual
Study (WHC 1991e).

General response actions were identified as follows:

* No Action
* Institutional Actions
a Containment Actions
* Removal/Disposal Actions
* In situ Treatment Actions
* Removal/Treatment/Disposal Actions.

The identification and screening of technologies considered the universe of technology
types that would be potentially applicable to the identified general response actions.
Technologies include general categories such as chemical treatment, thermal treatment,
stabilization/solidification, or capping. Within each technology category are process options.
Examples of process options within the chemical treatment technology category include

precipitation, ion exchange, and oxidation/reduction.

Potentially-feasible, media-specific technologies and process options were identified
for each of the GRAs by compiling information obtained from EPA documents, reference
program sources, personal interviews, and other relevant technical references.

Technologies and process options were initially screened in the Phase I FS to
eliminate those that are not technically implementable for the site conditions or contaminants
encountered in the 100 Area. This first screening step only considered whether a technology
and/or process option can be effectively implemented at the site, based on an assessment of
existing site data on both contaminant types/concentrations and site characteristics.

A second screening step was performed on technologies/process options which
considered effectiveness as a primary criterion with implementability (now including
administrative implementability) and cost considered as secondary criteria.

Technologies and process options were identified for three media: solid wastes,
groundwater, and soils/riverbank sediments. While the 100-N Area has been set apart as a

separate medium in this FS, analysis of the applicability of technologies and process options
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indicated that there are no unique features of the 100-N Area which would present
technologies or options differing from the three basic media which have been considered.

Section 5.0 documents the Phase II effort to 1) assemble screened technologies and
process options into area-wide alternatives and 2) screen the alternatives with respect to
implementability, effectiveness, and cost to arrive at a list for advancement to future focused
feasibility studies.

In Phase II of the FS, the list of technologies and process options which passed the
Phase I screening steps was used to assemble 27 alternatives representing the entire range of
general response actions as well as treatment and containment combinations. Tables 3, 4 and
5 below list the component technologies and process options for each of the 27 alternatives
for the solid waste, groundwater, and soils media, respectively.

The Phase II FS also included an alternatives evaluation and screening step. The goal
of the alternatives screening step was to limit the number of alternatives that must undergo
detailed analysis while still preserving the range of response actions and technologies to be
considered. Each of the 27 alternatives was described in sufficient detail such that they could
be evaluated in the alternatives screening step. Descriptions were based upon the general
process information developed for each technology/process option in Phase I. In addition,
each alternative was described in view of known site conditions, contaminant ranges,
volumes of contaminated media, and other factors.

In accordance with the CERCLA FS process (EPA 1988a), each alternative was
evaluated against established criteria. The criteria are essentially the same as used for
technology screening, i.e., implementability, effectiveness, and cost. However, in the
alternatives evaluation stage, the criteria were now viewed in more detail, considering more
site-specific conditions, and as applied to the integrated remedial solution rather than to just a
portion of the solution. The CERCLA evaluation criteria are listed as follows:

Effectiveness:

0 Short-term protection of human health
0 Short-term protection of the environment
* Long-term protection of human health
0 Long-term protection of the environment
* Reduction of mobility, toxicity, or volume reduction.

Implementability - technical feasibility:

* Constructability
* Operational reliability
* Maintenance.

Implementability - administrative feasibility:

* Agency approvals
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* Availability of services
* Specialized equipment and personnel.

Cost - relative cost:

The alternative evaluation step culminated in a formal scoring process to provide a

numerical qualification of how each alternative met the evaluation criteria. An alternative's

rating against a specific criterion was not a pass/fail situation but an indication of the degree
to which the alternative meets the criterion. This degree, which considers the balance of

pros and cons for each factor, is represented by a simple 1 to 5 scale, where "1" (poor)
suggests that the criterion is not met at all while "5" (excellent) suggests that the criteria is

met very well.

The scoring was performed independently by nine individuals who made up the FS

project team. Multiple scoring was done to reduce the influence of personal bias in the final

results. The individual scores were then averaged to form an initial composite alternative

ranking score. The guidance document (EPA 1988a) directs that the effectiveness criterion

should be weighted more heavily than implementability and cost criterion.

The development of alternatives is based on the classes of contaminants (i.e.,

organics, metals, and radionuclides) and generalized conditions of all 100 Area operable
units. Because protection of human health and the environment is the principal goal of

remedial actions, the major focus of the screening is on the effectiveness of an alternative to

meet RAOs. Therefore, effectiveness is given a high weighting factor in comparison to

implementability and cost. After effectiveness, implementability is the next most important
consideration and is given the second highest weighting factor. At this phase of the FS
process, site-specific cost information is limited. Costs are relative and serve as comparisons

between alternatives which are similar in effectiveness and implementability. Costs will be

more fully defined during detailed analysis (focused feasibility studies), when individual sites

are considered along with their specific conditions, waste volumes and types, and
contaminants.

For the purposes of this feasibility study, this was accomplished by first normalizing

the sum of individual factors for each criterion to 100 (for example, a total of "25" was

possible for the five factors considered for evaluating effectiveness; the effectiveness score
was normalized by multiplying the new score by 4), and then by weighting (multiplying by a

weighting factor).

The evaluation criteria were weighted as follows:

Weight

* Effectiveness 0.6
* Implementability 0.3
* Cost 0.1

Total 1.0
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The decision to discard alternatives at this point was made on the basis of retaining a
broad range of general response actions for detailed analysis. This is deemed necessary for
this particular feasibilit' study due to an incomplete set of input parameters that are specified
in the guidance document for traditional feasibility studies. Alternatives recommended for
consideration at the detailed analysis/focused feasibility study levels cover the spectrum of all
potential remedial actions from "no action" (which would be applicable only if a risk
assessment indicates acceptability of such an approach) to removal, treatment, and disposal
actions, which reduce uncertainty and risk but at a high cost.

Based on composite scores, alternatives were selected which are considered
representative of the range of general response actions for future FS evaluations. These are
listed in Table 6 below.

The retained alternatives may serve as a baseline from which to evaluate the future
impact of site characterization data and risk assessment results. Note that alternatives (and
technologies) that were not retained may be revisited at any time as new information
warrants, in accordance with FS guidance.

While the CERCLA Phase I/II FS process provides a rational process for developing
and screening remedial alternatives, it is important to note that all this is done in the absence
of a baseline risk assessment to comprehensively evaluate the inherent risks posed by the
contamination. The baseline risk assessment will be a part of future studies. The Phase I/II
process also does not allow much consideration of cost. The NCP states "Each remedial
action selected shall be cost effective..." (40 CFR 300.430 (f)(1)(ii)(D)). The cost
effectiveness of each alternative has not yet been evaluated. This is an essential element in
the ultimate decision-making process. While protection of human health and the environment
is of utmost importance, the final remedial solutions must be cost effective.

Section 6.0 of this report discusses development of a Treatability Study Program Plan
for conducting treatability studies needed to support further analysis of remedial technologies.
This section also provides an outline of the RI/FS program steps needed to advance the
feasibility study process through future detailed analysis efforts to be conducted as part of
FSs for OUs and/or IRMs.

In general, treatability studies are conducted for two purposes:

* To gather sufficient data to allow treatment alternatives to be fully
developed and evaluated during the detailed analysis and to support
detailed design of a selected alternative

* To reduce cost and performance uncertainties for treatment alternatives
to acceptable levels so that a remedy can be selected.

The data collected from the treatability studies may provide information to help
determine the following:

* Potential effectiveness in achieving target cleanup levels
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* Contaminant removal (or destruction) efficiencies
* Achievable processing rates
* Selection of process reagents or additives, and formulations
* Pretreatment or post-treatment requirements for waste streams
* Treated-waste disposal requirements.
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Table 1. Potential Contaminants of Concern for the 100 Area

EST-1

RADIONUCLIDES METALS OTHER VOCs OTHER
INORGANIC ORGANICS

COMPOUNDS/IONS

Tritium Arsenic Ammonium/Ammonia Acetone Acetic Acid
Carbon-14 Barium Asbestos Benzene Bis (2-ethyhexyl)
Calcium-41 Beryllium Chlorine Chlorobenzene phthalate
Cobalt-60 Boron Cyanide Chloroform Ethylenediamine
Nickel-63 Cadmium Fluoride Ethylbenzene Formic Acid
Selenium-79 Chromium Nitrate Methylene Chloride Hydrazine
Krypton-85 Lead Nitrite Methyl Isobutyl PCBs

Strontium-90 Manganese Phosphoric Acid Ketone Petroleum

Zirconium-93 Mercury Perchloroethylene Products

Niobium-94 Vanadium Trans -1,2- Thiourea
Technetium-99 Dichloroethene
Palladium-107 Trichloroethene
Cadmium-113 Xylenes
Antimony-125
Iodine-129
Cesium-134
Cesium-137
Samarium-151
Europium-152
Europium-154
Radium-226/228
Uranium-235/238
Plutonium-238
Plutoniu-239/240
Plutonium-241
Americium-241

Note: Does not include suspect contaminants. Refer to Section 2.0 for breakdown of contaminants of concern by
media.
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Table 2. Potential Federal and State ARARs for the 100 Area

EST-2

CHEMICAL SPECIFIC ACTION SPECIFIC LOCATION SPECIFIC

Safe Drinking Water Act Clean Air Act Clean Water Act

Clean Water Act Resource Conservation and National Flood Insurance
Recovery Act (RCRA) Program

State of Washington Clean Water Act Endangered Species Act
Ground Water Quality
Standards

Model Toxics Control Hazardous Waste RCRA
Act Management Act

Clean Air Act Water Pollution Control Bald Eagle Protection
Act Rules

Model Toxics Control Act

State air pollution
regulations

Note: To-be-considered materials (TBCs) are not included. Additional ARARs are
presented in Section 3.0 and Appendix B.



TECHNOLOGY/PROCESS NO INSTITUTIONAL CONTAINMENT REMOVAL/ DISPOSAL IN SITU REMOVAL/
OPTION ACTION ACTION ACTION ACTION TREATMENT TREATMENT/

ACTION DISPOSAL
ACTION

ALTERNATIVE NUMBER SW-i SW-2 SW-3 SW-4 SW-5 SW-6 SW-7 SW-8[SW-9 SW I
Monitoring (100 Area
Groundwater)

Access Restrictions

Deed Restrictions

Run-on/Run-off Control

Capping: Hanford Barrier

Capping: RCRA Multi-media
Cap

Removal: Excavation/Demolition a

Onsite Disposal: Vault, Trench

Onsite Disposal: Vault, RCRA-
Type Landfill

Offsite Disposal

Physical Treatment: Dynamic
Compaction

Stabilization/Solidification:
Vibration-Aided Grout Injection

Treatment: Thermal Desorption

Treatment: Size Reduction by
Compaction

Stabilization/Solidification:
Cement-based

Treatment: Incineration

Stabilization/Solidification:
Bitumen-based

- Indicates technology/option is selected for the alternative

M
U

0
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TECHNOLOGY/PROCESS NO ACTION INSTITUTIONAL CONTAINMENT IN S7TU REMOVAIrTREATMENT/
OPTION ACTION ACTION TREATMENT DISPOSAL ACTION

I I jACTION
ALTERNATIVE NUMBER GW-I GW-2 GW-3 GW-4 GW-5 GW-6

Monitoring * * *

Water-rights Restrictions -

Deed Restrictions

Alternate Water Supply *

Vertical Barrier: Slurry Walls *

Hydraulic Control: Extraction Wells

Biological Treatment:
Biodenitrification

Physical Treatment: In Situ Air
Stripping

Removal: Extraction Wells *

Chemical Treatment: Chem.
Oxidation

Chemical Treatment: Precipitation *

Chemical Treatment: Chemical
Reduct.

Physical Treatment: Media
Filtration

Physical Treatment: Ion Exchange

StabiSolidif.: Cement-based *

Disposal: Reinjection into Aquifer

Physical Treatment: Air Stripping

Physical Treatment: Forced
Evaporation

Physical Treatment: Reverse
Osmosis

Disposal: Crib Disposal

* Indicates technology/option

H

U0

w 1 1

is selected for the alternative

h 9
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TECHNOLOGY/PROCESS OPTION NO INSTITUT. CONTAIN. REMOVAL/ IN SITU REMOVAL/
ACTION ACTION ACTION DISPOSAL TR IATMENT TREATMENT/

ACTION ACTION DISPOSAL
I ACTION

ALTERNATIVE NUMBER SS-1 SS-2 SS-3 SS-4 SS-5 SS-6 SS-7 SS-8 SS-9 SS-10 SS-11

Access Restrictions

Deed Restrictions

Run-on/Run-off Control: Grading,
Diversion/collection, Revegetation

Capping: Hanford Barrier

Capping: RCRA Multi-media Cap

Removal: Excavation/Demolition

Onsite Disposal: Vault, Trench

Onsite Disposal: Vault, RCRA-Typc
Landfill

Offsite Disposal * _ _

Biological Treatment: Biodenitrification

Stabilization/Solidification: Vitrification S

Physical Treatment: Steam Stripping

Physical Treatment: Vapor Extraction

Thermal Treatment: Thermal Desorption

Physical Treatment: Soil Washing by
Attrition Scrubbing

Chemical Treatment: Soil Washing by *
Chemical Leaching

- Indicates technology/option is selected for the alternative

0
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Table 6. Phase H Screening Results: Recommended Alternatives Page 1 of 2

Media Retained Description
Alternative

Solid Waste SW-1 No Action General Response: No Action

SW-2 Institutional Controls General Response: Access/Deed
Restrictions

SW-3 Containment Response: Run-on/run-off Control; Hanford
Barrier/RCRA Multi-media Cap

SW-4 Removal/Disposal Response: Excavation/Demolition;
Vault/Trench Disposal; Hanford Barrier/RCRA Multi-
media Cap

SW-7 In situ Treatment Response: Dynamic Compaction;
Vibration-aided Grout Injection; Hanford Barrier/RCRA
Cap

SW-9 Removal/Treatment Disposal Response:
Excavation/Demolition; Thermal Desorption; Compaction;
Cement Based Stabilization/Solidification; Vault/Trench
Disposal; Hanford Barrier

Groundwater GW-1 No Action General Response: No Action

GW-2 Institutional Controls General Response: Water
Rights/Deed Restrictions; Alternate Water Supply

GW-3 Containment Response: Slurry Walls; Extraction Wells

GW-4 In situ Treatment Response: Biodenitrification; Air
Stripping

GW-5 Removal/Treatment/Disposal Response (based on chemical
treatment): Extraction Wells; Biodenitrification; Chemical
Oxidation; Chemical Precipitation; Chemical Reduction;
Media Filtration; Ion Exchange; Cement-based
Stabilization/Solidification; Aquifer Reinjection

GW-6 Removal/Treatment/Disposal Response (based on physical
treatment): Extraction Wells; Biodenitrification; Media
Filtration; Reverse Osmosis; Evaporation; Cement-based
Stabilization/Solidification; Crib Disposal

EST-6a
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Table 6. Phase II Screening Results: Recommended Alternatives Page 2 of 2

No Action General Response: No Action

SS-2 Institutional Controls General Response: Access/Deed
Restrictions

SS-3 Containment Response: Run-on/run-off Control; Hanford
Barrier/RCRA Cap

SS-4 Removal/Disposal Response: Excavation/Demolition;
Vault/Trench Disposal; Hanford Barrier/RCRA Multi-
media Cap

SS-8 In situ Treatment Response: In situ Vitrification

SS-10

DescriptionRetained
Alternative

- SS-1Soils/
Riverbank
Sediments

Removal/Treatment Disposal Response:
Excavation/Demolition; Thermal Desorption; Soil
Washing By Attrition Scrubbing; Vitrification
Stabilization/Solidification; Vault/Trench Disposal;
Hanford Barrier

____________________ .1 ___________________ ] - -

EST-6b
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ACRONYMS

ALARA As Low As Reasonably Achievable
A/PEG alkali metal/polyethylene glycols
ARAR applicable or relevant and appropriate requirement
CAA Clean Air Act
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations
CPP CERCLA past-practice
CRBG Columbia River Basalt Group
CRP Community Relations Plan
CSCF continuously stirred continuous flow
CSF Cancer slope factor
CWA Clean Water Act
D&D Decontamination and Decommissioning
DAW dry-active waste
DOE Department of Energy
DQO Data quality objective
DWPF Defense Waste Processing Facility
Ecology Washington Department of Ecology
EDTA ethylenediaminetetraacetic acid
EP extraction procedure
EPA Environmental Protection Agency
FFS focused feasibility study
FS feasibility study
GCD Greater confinement disposal
GRA general response action
HEAST Health Effects Assessment Summary Tables
HLW high-level waste
HMS Hanford Meteorology Station
HQ hazard quotient
HSBRAM Hanford Site Baseline Risk Assessment Methodology
HSWA Hazardous and Solid Waste Amendments
HWMA Hazardous Waste Management Act
HWVP Hanford Waste Vitrification Plant
IRIS Integrated Risk Information System
IRM interim remedial measure
LCF loose cubic feet
LDR Land disposal restrictions
LFI limited field investigation
LLW low-level waste
Ma million years ago
MCL maximum contaminant level
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1.0 INTRODUCTION

Four areas of the Hanford Site (the 100, 200, 300, and 1100 Areas) have been
included on the Environmental Protection Agency's (EPA) National Priorities List (NPL)
under the Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA). The location of these areas is shown in Figure 1-1. Under the Hanford Federal
Facility Agreement and Consent Order (Tri-Party Agreement (TPA)), signed by the
Washington State Department of Ecology (Ecology), the U.S. EPA, and the U.S.
Department of Energy (DOE) (Ecology et al. 1989), more than 1,000 inactive waste disposal
and unplanned release sites have been grouped into source and groundwater operable units.
These operable units contain contamination in the form of solely hazardous waste, solely
radioactive waste, radioactive mixed waste, and other CERCLA hazardous substances. Also
included within the TPA are 64 Resource Conservation and Recovery Act (RCRA) treatment,
storage, or disposal (TSD) units which will be closed or permitted to operate in accordance
with RCRA regulations under the authority of Chapter 173-303 of the Washington
Administrative Code (WAC). Some of these TSD units are included within the operable
units (OU).

The parties to the TPA intend to integrate DOE's CERCLA response obligations and
RCRA corrective action obligations. The EPA maintains authority for CERCLA, and
Ecology implements RCRA under the authority of the state's dangerous waste program. The
state has also received authorization to implement the EPA's radioactive mixed waste
program. The state does not yet have authority to implement the most recent amendments to
RCRA, the Hazardous and Solid Waste Amendments (HSWA); this authority remains under
EPA. The EPA and Ecology have determined that the EPA guidance for conducting a
remedial investigation/feasibility study (RI/FS) under CERCLA may be used at the Hanford
Site in the performance of a RCRA facility investigation/corrective measures study
(RFI/CMS). Therefore, although RCRA terminology has been used where appropriate, the
content and format of this feasibility study report conform to EPA guidance for CERCLA
activities, even though the results of the studies may be applied to RCRA past practice
operable units or to RCRA TSD units.

Since the signing of the TPA in 1989, the parties to the agreement have recognized
the need to modify the approach to conducting investigations and studies at Hanford with a
goal of maximizing efficiency, optimizing use of limited resources, and achieving cleanup in
the earliest possible time frame. To implement this approach, the parties have jointly
developed The Hanford Site Past-Practice Strategy (DOE-RL, 1991d). This strategy
document describes the concepts and framework for streamlining the investigation and
remedial study process in a manner that promotes a "bias-for-action" through optimizing the
use of interim remedial actions, culminating with decisions on final remedies on both an
operable-unit and aggregate-area scale. The principles of the strategy are embodied in the
Hanford Federal Facility Agreement and Consent Order Change Package, dated May 13,
1991 (Ecology et al., 1991).

An important aspect of the past practice strategy and the associated TPA change
package recognizes that the Hanford Site presents a number of unique circumstances that call
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for innovative approaches to conducting investigations and feasibility studies. The 100 Areas
have been divided into 25 OUs based largely on location. While these units are separated
geographically, they all contain sites which are very similar with regard to types of
contaminants and methods of disposal. Consequently, the past practice strategy as applied to
the 100 Area defines an aggregate approach to evaluate groups of sites based on their
similarity, as opposed to their geographical location and operable unit designation. Thus the
1991 TPA change package mandates that, rather than performing separate feasibility studies
for each of the 100 Areas OUs, the feasibility studies should evaluate remedial alternatives
for the entire 100 Area. To meet this objective, the change package called for three "base"
reports which would consider: 1) source operable units (except 100-N Area), 2) groundwater
operable units, and 3) the 100-N Area, as it is distinctly different from the other 100 Areas.

The 100 Area feasibility study presented in this document meets the objectives of the
change package, however, the approach is further streamlined by condensing the "base"
studies into a single document to avoid duplication of common information, while providing
separate sections to address definition of remedial alternatives by either media or area. This
not only reduces the cost of document preparation, but also shortens the review times and
reduces the potential for document inconsistencies as a results of separate reviews. This
document separates the studies by three media: solid wastes, soil/riverbank sediments, and
groundwater. Riverbank sediments are that portion of the vadose zone, on the shore of the
river, which are contaminated as a result of fluctuating groundwater levels near the river.
Additionally, the 100-N Area is treated as a separate site based on its somewhat unique
characteristics making a total of four types of sites or units evaluated in the remedial
alternative evaluation process.

This 100 Area Phase I/L FS is built around existing data. In a typical RI/FS, the
Phase I/I FS is not completed until the RI Phase I is complete, although the Phase I/II FS is
often started while the Phase I RI is being conducted. However, for the 100 Area, the size
of the existing site characterization database is larger than the end result of many Ris and is
adequate for identifying and screening remedial alternatives. Use of existing data to initiate
and expedite the FS process is consistent with the past practice strategy. New site
characterization data, while important for later detailed analysis, would not likely affect the
outcome of the alternatives development and screening phases. Finally, waiting for LFI data
to start the FS process would cause unacceptable schedule delays in starting subsequent
programs such as treatability studies.

The 100 Area feasibility study presented in this document completes the FS process
only through the first two study phases: Phase I, Remedial Alternatives Development, and
Phase II, Remedial Alternatives Screening. This Phase I/H study is intended to provide a
more generalized view of applicable and workable remedial technologies as applied to the
site contamination problems as a whole. After collection of more site-specific data for each
OU, focused feasibility studies would then be performed. These studies would either select
interim remedial measures or select final remedies, depending upon the stage of remediation
being evaluated. Thus each focused FS constitutes the detailed analysis phase which
completes the FS evaluation process for the targeted remedial action. In addition to the
screened alternatives evaluated in this document, the detailed analysis phases of subsequent
FSs would integrate the results of area-wide studies such as river impact, shoreline,
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ecological, cultural resources, treatability, and background studies; as well as, information
from OU-specific limited field investigations (LFI) and risk assessments (RA).

1.1 PURPOSE AND SCOPE

The purpose of this Phase I/i feasibility study is to develop and screen a range of
alternatives for remediation of 100 Area contamination present in solid wastes,
soils/riverbank sediments, and in groundwater. Remedial alternatives for the 100-N Area are
to be addressed separately.

Surface water, including the Columbia River, and air contamination are not within the
scope of this study.

The scope of work for this FS includes four primary tasks:

1. Identify contaminants of concern for each media

2. Identify applicable or relevant and appropriate requirements (ARARs) pertinent
to all general response actions (including waste disposal acceptance criteria)

3. Develop remedial alternatives (Phase I) applicable to the 100 Area including
development of remedial action objectives (RAO), development of general
response actions (GRA), identification and screening of technologies and
process options, and assembly of remedial alternatives, from representative
technology types

4. Screen alternatives (Phase II) developed in Phase I for implementability,
effectiveness, and costs to identify those alternatives which warrant
advancement to the detailed analysis phase of future focused feasibility studies.

Feasibility studies presented in this document are performed in accordance with EPA
guidance contained in Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA, (EPA 1988a).

Key assumptions for preparation of this document are given as follows:

* Performance of the tasks described above are based on existing site data,
primarily as documented in the eleven draft 100 Area OU RI/FS work plans
issued previously (DOE 1990a-e; 1991a-f), and supplemented by existing data
given in other documents for sites not covered by draft work plans. New
sampling or monitoring data produced as a result of current site investigations
were unavailable to meet the FS schedule and are therefore, not incorporated.

* All sites in the 100 Area are categorized within one of the four types of sites
identified for this project (solid wastes, soils/riverbank sediments,
groundwater, and the 100-N Area). In addition, remedial alternatives which
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could be used to address potentially contaminated river bottom sediments and
river pipelines are developed in Appendix F.

Sampling and monitoring data reported in source documents are assumed to be
of adequate quality to support the FS.

1.2 ORGANIZATION OF REPORT

Seven sections are included in this report, including this introduction.

Section 1.3 summarizes information on background and existing data, including:

* A history of 100 Area operations and descriptions of facility characteristics
and waste generating processes

* Nature and extent of contamination in the media of concern.
* Physical setting including such aspects as geology, hydrogeology,

meteorology, environmental resources, etc.

The information in this section represents a summarized compilation of data obtained
from work plans and other source documents and is not intended as a comprehensive
documentation of data or details. The intent of this section is to summarize the information
in sufficient detail to support the discussion and evaluation of remedial alternatives.

Section 2.0 of the report provides an assessment of contaminants of concern for the
100 Area.

Section 3.0 documents the potential ARARs.

Section 4.0 documents the Phase I effort to identify and screen remedial technologies
and process options. This section also identifies remedial action objectives and general
response actions and provides estimates of areas and volumes of contaminated materials.

Section 5.0 documents the Phase II effort to 1) assemble screened technologies and
process options into area-wide alternatives and 2) to screen the alternatives with respect to
implementability, effectiveness, and cost to arrive at a list for advancement to future focused
feasibility studies.

Section 6.0 discusses development of a Treatability Study Program Plan for
conducting treatability studies needed to support further analysis and design of remedial
systems. This section also provides an outline of the RI/FS steps needed to advance the
feasibility study process through future detailed analysis efforts to be conducted as part of
focused FSs for interim remedial measures (IRM) and final FSs for OUs.

Section 7.0 documents report references.

Appendices to this report include:
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0 Appendix A - Identification of Contaminants of Concern

0 Appendix B - Identification of Potential ARARs

0 Appendix C - Descriptions of Remedial Technologies and Process Options

* Appendix D - 100 Area Contaminated Soil and Groundwater Volume
Estimations

* Appendix E - 100 Area Waste Units.

* Appendix F - Remedial Alternatives Development for River Bottom Sediments
and River Pipelines

1.3 BACKGROUND/SUMMARY OF EXISTING DATA

1.3.1 100 Area Description

1.3.1.1 Location. The Hanford Site is a 560 mi2 (1,434 km2) tract of land located in the

south-central portion of the State of Washington in Adams, Benton, Franklin, and Grant
Counties. The 100 Area lies along the southern shoreline of the Columbia River at the north

end of the Hanford Site (see Figure 1-1).

Identifying numbers were given to the buildings and facilities in the 100 Area. These
are summarized as follows (Adams et al., 1984):
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FACILITY CATEGORIES

CATEGORY

Reactor Buildings

Ground Disposal Facilities

Effluent Systems

Ancillary Facilities

FACILITY
DESIGNATION

105

116 (liquid)
118 (solid)

107
1904/1908

1608

103

108
115
116
117
119

1706

FACILITY FUNCTION

Housed reactor and fuel
storage basin (irradiated)

Inground disposal of liquid
and solid wastes

Retention basins
Outfall structures
Pumping stations

Fuel element storage
building (unirradiated)
Laboratory
Gas recirculation buildings
Reactor stacks
Exhaust filter buildings
Exhaust sample buildings
Reactor loop testing facility

1.3.1.2 History of Operations. Between 1943 and 1962, nine water-cooled, graphite-
moderated plutonium production reactors were built along the shore of the Columbia River
upstream from the now-abandoned town of Hanford. Eight of these reactors (B, C, D, DR,
F, H, KE, and KW) have been retired from service and are under evaluation for
decommissioning. The ninth reactor, N, was recently taken out of standby status and will be
retired. Table 1-1 lists the construction date, period of operation, and status of each reactor.
In some of the reactor areas, after the reactor was retired from plutonium production service,
the ancillary facilities were used as laboratories for special studies or for storage/treatment
purposes. Post-production activities are listed in Table 1-2.

1.3.1.2.1 Reactor Components (Excluding 100-N). The principal components of
the original eight reactors consist of the reactor, the reactor cooling water loop, the reactor
gas and ventilation system, and the irradiated fuel handling system. Each of these systems is
briefly described below.

Reactor. Each reactor was graphite moderated and cooled with water pumped
through on a single-pass basis. The reactor moderator stack consisted of graphite blocks,
some of which were cored to provide channels for process tubes, control and safety rods, and
other equipment. Aluminum process tubes held the aluminum-clad, uranium-metal fuel
elements and provided channels for cooling water flow (Irradiation Processing Department
1963). Boron was the primary neutron absorber used in control and safety rods. The initial
reactor design included a third safety system which used a tank filled with a boron solution
suspended above the reactor. Aluminum sleeves, called thimbles, were inserted into the
channels to protect the graphite from the boron.
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After a few years of operation, the boron system was redesigned to utilize hoppers
containing 3/8-inch (0.95 cm) nickel-plated boron balls instead of the liquid boron system
(Irradiation Processing Department 1963). The balls emptied into the vertical safety rod
channels when reactor shutdown was required. A vacuum system removed the balls when
the reactor went back on-line.

Reactor Cooling Water Loop. Figure 1-2 presents a simplified process flow
diagram for the original eight reactors. Cooling water for the reactor was pumped from the
Columbia River to a water treatment facility either directly or via a reservoir. Additives,
listed-in Table 1-3, were introduced to the river water which then passed through flocculators
to settling basins where an organic polyelectrolyte was added as a filter aid. The water was
filtered through beds of gravel, sand, and crushed anthracite coal and stored in clearwells.

The treated water was pumped to large-capacity storage tanks where about 2 ppm
sodium dichromate was added as a corrosion inhibitor (Richards 1953). The water from the
storage tanks was then pumped via electric pumps to the reactor. The water at that point
contained residues of alum, sulfate, chlorine, calcium, sodium dichromate, electrolyte, and
other impurities.

The heated water passed from the reactor to a retention basin by gravity flow. The
water was retained in the basin for a time sufficient to permit partial thermal cooling and
radioactive decay of short-lived radionuclides. The water then flowed from the retention
basin via the outfall structure and river pipelines where it was discharged to the middle of the
river. The outfall structure contained a concrete or rip-rap spillway to divert the water to the
river in case of an overflow.

A backup cooling system was provided by river water which was kept in a holding
reservoir. This water was normally used to supply the powerhouse; however the water could
be pumped to the water treatment facility or, in cases of emergencies, directly to the reactor.
Steam was generated in the coal-fired powerhouse where the water was treated (to reduce
formation of boiler scale) with sodium sulfite and trisodium phosphate and was subsequently

passed through an ion exchange system'.

Reactor Inert Gas and Ventilation Systems. The inert gas system was used to
remove moisture and foreign gases, to serve as a heat transfer media between the graphite
and process tubes, and to detect water leaks within the reactor. The reactor atmosphere was
a mixture of helium with carbon dioxide or nitrogen. The composition of the gas mixture
was varied to control the graphite temperature which in turn influenced reactivity conditions
(Chattin and Powers 1985).

Irradiated Fuel Handling. Refueling occurred about once a month for about 10
percent of the process tubes in the reactor. Irradiated fuel elements removed from the
reactor were sorted in a pickup chute area and transferred to the fuel storage basin for
radioactive decay. Following the storage decay period, the fuel elements were placed in

' Sodium chloride was used as the regeneration solution for the ion exchange system
(Irradiation Processing Department 1963).
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railroad cask cars for transport to the chemical reprocessing facilities in the 200 Areas
(Miller and Steffes 1987).

1.3.1.2.2 100-N Reactor' Components. 100-N Reactor. The 100-N reactor was a
graphite moderated, light-water-cooled reactor and the newest of the 100 Area reactors. Its
design and operation differ substantially from the other plutonium production reactors.
Unlike the other eight single-pass reactors, the 100-N reactor was a dual purpose reactor
which produced steam for electricity generation as well as plutonium. The 100-N reactor did
not use once-through cooling as did the other eight production reactors. Instead water was
recirculated through the reactor and steam generators.

The reactor core was a structure of interlocking graphite bars containing zirconium
alloy pressure tubes which held the zirconium alloy-clad, uranium-metal fuel elements.
Reactivity was controlled by horizontal control rods and the vertical ball system. Boron was
the primary neutron absorber used in the rods and balls.

100-N Reactor Cooling Water Loop. Figure 1-3 presents a simplified process flow
diagram for the 100-N reactor cooling water loop. Untreated water from the Columbia River
was supplied to the emergency coolant pumps, dump condensers, and the water treatment
facility. The water treatment system produced raw, sanitary, and demineralized water. Raw
water received no treatment other than straining; all other water was passed through a
filtration plant where coagulant chemicals and small amounts of chlorine were added. A
filter aid was added and the water passed through gravity filters which consisted of layers of
gravel, sand, and granulated anthracite.

Treated water from the demineralizer plant was stored in a holding tank. Its uses
included the reactor (graphite and shield), and rod coolant systems as well as the secondary
water system.

The secondary steam system removed the reactor heat from the primary cooling
water. During operation solely for production of special nuclear materials, the major portion
of this steam was routed to dump condensers. During dual purpose operation, the major
portion of the generated steam was routed to the Washington Public Power Supply System
(WPPSS) Hanford Generating Project for production of electricity, through steam turbines
and condensers. The secondary steam system was closed-loop, i.e., the condensed steam
was returned to the steam generator.

Reactor Inert Gas and Ventilation Systems. The inert gas system in the N reactor
was similar to the systems used in the other production reactors.

Irradiated Fuel Handling. Irradiated fuel elements removed from the reactor were
moved to the storage basins for short term radioactive decay then placed in rail-mounted
shipping casks for transport to reprocessing or storage facilities.

1.3.1.2.3 Decontamination and Decommissioning. To reduce the potential spread
of radioactive contamination from the reactors and associated facilities, DOE began a
program of decontamination and decommissioning (D&D) of buildings and facilities after the
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reactor facilities were retired. Most of the contaminated buildings and facilities have been
demolished and were buried in place, in the clearwells, or taken to the 200 Areas for burial.
Clean wooden buildings and equipment were salvaged and uncontaminated buildings were
converted for new programs or storage. In some instances, new buildings were constructed
over the demolished building locations.

A photographic summary of D&D activities is presented in Summary of the Hanford
Site Decontamination, Decommissioning, and Cleanup FY 1974 Through FY 1990 (Wahlen
1991). The decommissioning plans for the 100 Area are presented in the Hanford 100 Area
Long-Range Decommissioning Plan (Adams, et al., 1984).

1.3.1.3 100 Area Facility Characteristics and Contamination (excluding N Reactor).
Waste units included in this FS are listed in the tables in Appendix E.

1.3.1.3.1 Effluent Handling. Facilities used in the handling of cooling water
effluent included retention basins, pipelines, and outfall structures.

Retention Basins. The 100 Area retention basins were rectangular concrete or
circular steel structures used to retain cooling water effluent from the reactor for radioactive
decay and thermal cooling prior to discharge to the river. The basins ranged in capacity
from 16 to 24 million gallons (DOE-RL 1991a). Some of the basins were baffled to provide
separate compartments. In initial operations, effluent was directed to only one side of the
basin at a time which allowed effluent contaminated by ruptured fuel elements to be diverted
to other disposal facilities such as cribs and trenches. However, temperature differentials
between the basin halves resulted in cracks and subsequent leakage. This leakage, coupled
with increased production rates, forced simultaneous use of the retention basin compartments.
This in turn precluded routing the more highly contaminated effluent to alternate disposal
sites. Therefore all effluent was discharged directly to the river. Some of the retention
basins were partially demolished and the rubble buried in-place after the Dorian and Richards
study. The basins have also been used for disposal of contaminated piping and other
demolition materials.

Some of the retention basins leaked, in some cases enough to produce surface ponds
and streams that flowed to the river. This leakage resulted in contamination of soils adjacent
to the basins. In addition, contaminated sludge was deposited on the basin floors and
represents a significant source of contamination. The following summarizes the nature and
extent of radionuclide contamination at the retention basins (Dorian and Richards 1978):

* Each retention basin contains from 1/4 inch to 3 inches of sludge covered by
two to four feet of soil fill.

* Total radionuclide inventories for the B, C, D, DR, F, H, KE, and KW
retention basins range from less than 10 curies for each of the K Area basins
to over 400 curies for the B Area basin.

* For the B and C retention basins, approximately 90% of the contamination is
located outside the basin in the soils beneath and adjacent to them.
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0 For all the reactors, Cesium-137, Cobalt-60, Europium-152, Europium-154,
and Europium-155 account for approximately 97% of the radionuclide
inventory located outside the retention basins.

0 For the D, DR, F, and H basins, approximately 75% of the contamination is
contained inside the basins in the sludge, the soil fill, and the concrete.

* For all the reactors, Cobalt-60, Europium-152, Europium-154, and Nickel-63
account for approximately 94% of the radionuclide inventory located within
the retention basins.

0 The KE and KW retention basins are much less contaminated than the others
and have total inventories less than 10 curies each; approximately 85% of this
contamination is located in soils adjacent to the basins.

Table 1-4 provides typical inventories for the areas of contamination related to the
retention basins: basin sludge, basin fill, concrete, and surrounding areas.

In addition to radionuclide contamination, the basins may be contaminated with
chemical constituents used as additives in the cooling water. A major contaminant is
chromium which was used extensively in the 100 Area. Table 1-5 lists contaminant
concentration ranges for the basins.

Pipelines. Effluent pipelines ran from the reactors to the retention basins, from the
retention basins to the outfall structures, and from the outfall structures to the discharge point
in the middle of the Columbia River. The 100 Area contained approximately 62,000 feet of
effluent pipeline ranging in size from 12 to 84 inches in diameter (Adams, et al., 1984). The
pipelines were constructed of carbon steel, reinforced concrete, or sometimes vitreous tile.
The pipelines included manholes, junction boxes, tie-lines between parallel legs, and valves.
Most of the on-land pipelines were buried although a portion of the effluent line in the 100-F
Area was above-ground. This above-ground portion has been removed and placed in the
116-F-14, 107-F retention basin. The remaining land portions of the 100 Area effluent lines
are still in place. Junction boxes have been sealed or filled with gravel and the effluent lines
were sealed to prevent entry. The river pipelines are still in place except at F Area;
approximately 50 feet of pipe has been dislodged and washed downstream.

Leaks occurred along the pipelines, mainly at the junction boxes of all the steel and
concrete lines and the rubber joints of the tile lines. Contamination associated with the
effluent lines is primarily in these leakage areas and in the accumulated sludge in the pipes.
Radionuclide and chemical contaminants in the effluent lines and leakage areas are presumed
to be the same as shown for the retention basins in Table 1-5.

Outfall Structure. Outfall structures were compartmentalized boxes used to direct
the liquid effluent from the retention basin to the river pipelines for discharge to the middle
of the Columbia River. The structures were constructed of reinforced concrete with concrete
or rip-rap spillways (spillways were used only in case of overflow). With the exception of
the structure at the 100-K Area, all the outfalls were 27 feet long by 14 feet wide with walls
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one foot above grade and 25 feet below grade. The 100-K Area outfall was 30 feet long by
40 wide with 30 foot walls above and below grade (DOE-RL 1991a). Most of the outfalls
have been demolished to near-grade level and backfilled. An outfall structure in the F Area,
the PNL outfall, was used by the Pacific Northwest Laboratory (PNL) for disposal of wash
wastewater from the animal pens. Contaminants include strontium-90 and small amounts of
cesium-137 and plutonium-239 (DOE 1991d).

Effluent was normally discharged via the outfall and river pipelines; however effluent
discharges sometimes overflowed the outfall structure and exceeded the capacity of the
spillways resulting in contamination of surrounding soils down to the river's edge. The
residual radionuclides and chemical contaminants associated with the outfalls are presumed to
be the same as those listed in Table 1-5 for the retention basins.

1.3.1.3.2 Liquid Waste Disposal. Liquid waste was disposed to the soil column
through cribs, trenches, and French drains. Cooling water was routinely discharged to the
river; however, during fuel cladding rupture events, the water was diverted to cribs and
trenches for disposal to the soil column. This practice avoided direct disposal of transuranics
to the river.

Site characterization activities were conducted in the 1970s by Dorian and Richards
(1978). The characterization effort was aimed primarily at the liquid waste disposal facilities
with lesser efforts expended on the solid waste disposal facilities. Samples were taken from
the surface and at depths varying from 5 to 25 feet. Sample analysis was conducted
primarily for radionuclides. Contamination information pertinent to liquid waste disposal
facilities is summarized in Table 1-6. Based on the information obtained during this effort,
the following generalizations can be made concerning the 100 Area liquid waste disposal
facilities:

* The principal radionuclides in these facilities are generally:
- Cobalt-60
- Cesium-137
- Strontium-90
- Europium-152
- Europium-154
- Europium-155

* The radioactive waste is generally confined to within five to twenty feet below
the facility.

* Plutonium-239/240 concentrations are generally less than 1 pCi/g but range as
high as 1500 pCi/g at the 116-C-2C pluto crib sand filter. Plutonium-238
concentration at the sand filter is as high as 1600 pCi/g.

Cribs. Cribs were buried, generally rock-filled, structures. Early cribs were
typically open-bottomed, buried boxes, constructed from timbers, which ranged in area from
100 to 200 square feet. Some of these timbered cribs had associated tile fields for overflow.
Some were provided with a secondary cavity to handle overflow. The 116-C-2 crib was
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much larger than the other cribs, 140 feet by 100 feet at the bottom, and were provided with
a sand filter. Figure 1-4 shows a typical crib with a tile drainage field (Adams et al. 1984).
Interviews with operations personnel suggest that this schematic may not accurately represent
certain cribs. Some of the 100 Area cribs may have been excavated pits which received
waste through fire hoses.

Often a crib was dedicated to a specific building or process, and thus received a
relatively uniform flow. Cribs can generally be categorized by the type of service provided.
All data were obtained from Dorian and Richards 1978 or DOE-RL 1991a. Radionuclide
quantities have not been decayed to current time. (Decay of radionuclides will be conducted
in the LFI and incorporated into the FFS for each OU.) Crib types are listed as follows:

* Pluto cribs

Except for the 116-C-2 (105-C) pluto crib, these cribs were generally small,
approximately lOx Ix10 feet (Dorian and Richards 1978), and were operated
for short time periods only (less than two years). The pluto cribs received
effluent from individual process tubes following fuel cladding failures.

The 116-C-2A crib was the last crib to be constructed and was approximately
14,000 square feet in area. Associated facilities included a sand filter and
pump station.

Pluto cribs contained radionuclide inventories ranging from less than 0.1 curie
to 3 curies. The 105-C pluto crib, 1 16-C-2A, had an associated sand ifiter
and pump station. The sand filter contained contamination two orders of
magnitude higher than that of the crib and plutonium concentrations up to 1600
pCi/g. Chromium and other cooling water additives are potential contaminants
in the pluto cribs.

* Dummy/Perf Decontamination Cribs/Drains

The dummy/perf decontamination cribs/drains received radioactive liquid
wastes from the decontamination of dummy fuel element spacers in the 105-F,
105-H, and 111-B buildings. The cribs ranged in size from 4x8x8 feet to
12x8x15 feet and the drains were 3 to 4 foot diameter pipes 15 to 20 feet deep
(DOE-RL 1991a).

Acids, including nitric, sulfuric, oxalic, hydrofluoric, were used extensively in
decontamination processes. Therefore, in addition to the radionuclides listed
in Table 1-6, nitrate and other acid residues are likely contaminants in soils
and groundwater beneath these cribs.

* 108 Building Cribs/Drains

These cribs or underground drains received contaminated liquid effluents from
the 108 laboratory building operations. The 116-B-5 crib was 84 feet long by
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15 feet wide by 10 feet deep. The 116-D-3 crib was 3 foot diameter by 5 feet
deep (DOE-RL 1991a). The 116-B-5 crib had 300 curies of tritium; the other
108 crib contained less than 0.1 curie of contamination.

115 Building Cribs

The 115 building cribs were underground drains which received condensate
and liquid waste from reactor gas purification systems. The cribs measured
40x40x26 feet. Each crib consisted of a four inch pipe leading into an 8-inch
corrugated, perforated pipe 10.5 feet long. Two 5.4-ft sections branched off
at 45 degrees (DOE-RL 1991a). Tritium and carbon-14 were the principal
radionuclides disposed to these cribs. In 1978, the 116-KW-1 crib contained a
total of 240 curies (Dorian and Richards 1978).

* 117 Building Cribs

The 117 building cribs received drainage from the confinement system 117
building seal pits. The crib structures ranged from 125 to 1000 cubic feet
(DOE-RL 1991a). Radioactive effluents disposed to these cribs generally
contained only short-lived radionuclides. These cribs were released from
radiological control prior to 1967.

Several special use cribs are described as follows:

0 116-F-5, 100-F Ball Washer Crib

This crib received liquid wastes from the decontamination of the boron-steel
balls used in the ball 3X system. The crib was 10 x 10 x 10 feet (DOE-RL
1991a). The crib contained 0.00092 curies; the principal radionuclides present
included

Strontium-90, Europium-154, Europium-155, and Cesium-137. No plutonium
was detected.

* 116-KE-2, 1706-KER Crib

This crib received radioactive liquid from the cleanup columns in the 1706-
KER loop. The crib was 16 feet long by 16 feet wide by 32 feet deep. A
wooden crib structure rests within the excavation 3 feet above the bottom.
The bottom 10 feet are filled with crushed stone and backfilled with soil
(DOE-RL 1991a). The crib contained 38 curies of Strontium-90 and Cobalt-
60 with a 2.1 pCi/g maximum concentration of Plutonium-239/240.

* 116-DR-7, 105-DR Inkwell Crib

This crib received liquid potassium borate solution from the 3X system prior
to the ball 3X system upgrade. The crib was 5 feet long, 5 feet wide, and 10
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feet deep (DOE-RL 1991a). The radiological contamination was found to be
less than 0.1 curie.

French Drains. French drains were generally gravel-filled, concrete or vitreous clay
pipe. These were 3 to 4 feet in diameter and ranged from 3 to 20 feet deep. French drains
in the K Area received sulfuric acid sludge from the acid storage tanks. The 120-KE-1
French drain contains approximately 200 kilograms of mercury. French drains in the other
areas received liquid wastes from decontamination processes. Drains in the F Area received
effluent water from botany experiments (DOE-RL 1991a). Like cribs, they were usually
dedicated to a specific building or process. Inventories for these French drains are
unavailable (DOE-RL 1991a).

Trenches. Trenches were generally open excavations with sloped sides. The
trenches ranged in length from 150 feet to 4000 feet, in width from 10 feet to 400 feet, and
in depth from 6 feet to 25 feet. Each reactor area used a trench as backup to the retention
basin when the effluent was too highly contaminated to be released to the river. Most of the
trenches contain inventories of less than 10 curies. The liquid waste disposal trench at the K
Area contained a total of 2100 curies with a maximum Plutonium-239/240 concentration of
130 pCi/g. Types of trenches are described as follows:

Liquid Waste Disposal Trenches

The liquid waste disposal trenches received effluent from the retention basins
during fuel element cladding failures. The trenches ranged in size from 10 by
150 feet to 50 by 500 feet and in depth from 15 to 25 feet (DOE-RL 1991a).
The trenches were used in early reactor operations until increased flow and
leakage forced the parallel use of both sides of the retention basins. With the
exception of the K Trench, the total contamination ranged from 3 to 79 curies
with a maximum Plutonium-239/240 concentration of 5.3 pCi/g. Sodium
dichromate was used extensively as a corrosion inhibitor; therefore chromium
contamination is expected in these trenches (DOE-RL 1991a).

* K Trench

The K trench (1 16-K-2) serviced both K Area reactors. The trench was 4000
feet long by 45 feet wide by 15 feet deep with a 4 foot bottom width (DOE-
RL 1991a). The trench received wastes from all contaminated floor drains in
the 105 buildings, approximately 500 gallons per minute of overflow from
each metal storage basin, and an undetermined amount of 107 effluent basin
leakage from valves in the tank bottoms. Periodic sources of contaminated
flow to the trench included:

- Low volume neutralized dummy decontamination waste;
- Process cooling water during charge-discharge via metal storage basin

and cross-under line;
- Approximately 700 gpm metal storage basin flow during charge-

recharge;
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- Occasional rear face decontamination wastes diluted with metal storage
basin flow;

- Occasional "special" disposal such as waste from a single cross header
through-reactor decontamination experiment; and

- An occasional tank-full of process cooling water collected after a fuel
cladding failure.

The trench received large volumes of contaminated water and contained over
2000 curies of remaining activity. Maximum plutonium concentration was 130
pCi/g. Sodium dichromate, sulfamic acid, sulfuric acid, and copper sulfate
were disposed to the trench (Dorian and Richards 1978).

1608 Trenches

The 1608 trenches were located in the F and H Areas and were used to receive
effluent during the Ball 3X Project. Both trenches have overflowed in the past
and contaminated nearby soils. The trenches have been backfilled with soil.
The 1608-H trench is 275 feet by 100 feet by 6 feet deep and the 1608-F
trench is 300 X 100 X 10 feet (DOE-RL 1991a). Total radioactivity ranges
from 0.0021 curies to 1.4 curies. The major radionuclides include Strontium-
90, tritium, Europium-152 and -154, Cobalt-60, and Cesium-137 with a

maximum plutonium concentration less than 1 pCi/g (Dorian and Richards
1978).

* Sludge Trenches

The B Area contained two trenches, one 50 by 50 by 10 feet and one 120 by
10 by 10 feet that were used to bury low level sludge waste from the B Area
retention basin (DOE-RL 1991a). Sampling data and contaminant inventories
are not available for these trenches, although the contaminants and
concentrations should be similar to those measured by Dorian and Richards
1978 for the B Area retention basin.

* 116-F-1, Lewis Canal

The Lewis Canal, located in the 100-F Area, received miscellaneous wastes
from the 105-F and 190-F buildings, as well as decontamination wastes from
the 189-F building. On occasion, contaminated coolant from the reactor front
and rear faces was also routed to the Lewis Canal. Effluent water from the
1953 ball 3X outage was channeled to the river through this trench. The
trench was originally several thousand feet long, however, all but 1500 feet at
the inlet end have been released from radiological control. Dorian and
Richards 1978 estimated a total inventory of 3 curies and Plutonium-239/240
concentrations of 1 pCi/g. The major radionuclides include Europium-152 and
-154, Cobalt-60, and Cesium-137. Sodium dichromate and sulfamic acid are
known to have been disposed to the Lewis Canal (DOE-RL 1991a).
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1.3.1.3.3 Solid Waste Disposal. Solid waste disposal units consisted of burial
grounds, landfills, ash/burn pits, and storage caves/vaults. For the early operational years of
the nuclear reactors at Hanford, few if any records are available on the materials sent to
solid waste disposal facilities. Also, characterization efforts for these facilities are limited.
Dorian and Richards 1978 sampled the 118-B-1 burial ground and developed the following
generalizations:

* No measurable migration of radionuclides was found.

* Plutonium-239/240 was generally not detected.

* The primary radionuclide was Cobalt-60, comprising approximately 90 percent
of the inventory; other radionuclides in significant concentrations included
Europium-152, -154, -155, Cesium-134, -137, Strontium-90, and Nickel-63.

A total of 28 radioactive solid waste burial grounds have been identified in the 100
Area including seven major burial grounds associated with reactor operations, two burial
grounds used for biological wastes, and one burial ground used during the tritium separations
project at B reactor area. The remaining burial grounds were used for reactor upgrade
projects, major maintenance projects, and special irradiation programs (Miller and Wahlen
1987). These special burial grounds generally contained low levels of radioactivity.
Nonradioactive solid waste burial grounds in the 100 Area include ash and burn pits,
demolition sites, and landfills. Estimated contamination inventories for the burial grounds
are presented below and in Table 1-7.

Solid Waste Burial Grounds. Solid waste burial grounds which served the reactor
facilities consisted of a series of trenches, pits, vertical pipes, and/or vault-like structures.
The burial grounds ranged in size with the smallest being only a few feet wide and a few feet
long to the largest being about 20 feet deep, 300 feet long, and 8 feet wide (at the bottom).
The deep, narrow trenches contained high-dose large equipment; the pits and pipes were used
for small, high-dose reactor hardware such as thermocouple stringers and horizontal control
rod tips. A typical burial trench consisted of layers of hard waste (metal components such as
irradiated process tubes and fuel charge spacers) and soft waste (such as contaminated paper,
plastic, and clothing). Hard waste was usually placed in the bottom of the trench. Figure 1-
5 is a schematic of a typical burial trench as presented in Adams et al., 1984. Interviews
with operations personnel indicate that the layering of waste shown in the schematic may not
accurately portray conditions in the burial trenches. Soft waste may have been disposed in
different part of the trench than hard waste, or in some cases, hard waste was placed on top
of the soft waste. Soft waste makes up more than 75% of the volume in the trenches but
contains less than 1% of the radioactive inventory (Adams et al. 1984).

Each reactor had an associated burial ground. Miller and Wahlen 1987 estimated the
total radionuclide inventory from reactor operations for these burial grounds to be about
4,000 curies, mostly from Cobalt-60 and Nickel-63. Metallic wastes include lead, cadmium,
lead-cadmium alloy, boron, mercury, and graphite. The 118-B-1 burial ground also received
an estimated 37.5 tons of wastes associated with the glass process lines used in the tritium
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separations program, including lithium-aluminum alloy. This waste contained a tritium
inventory of about 3,800 curies and approximately 2,000 pounds of mercury.

Ball 3X Burial Grounds. The ball 3X burial grounds were located in the B, D, F,
and H Areas and were used to dispose of highly contaminated waste removed from the
reactor buildings during the Ball 3X Project. Wastes included thimbles (aluminum
components used to provide a sealed access to the reactor for the control and safety rods and
for a boron solution used as a shutdown device) and step plugs (an aluminum shielding
device used in the reactor tubes). The burial grounds in the B, F, and H Areas consisted of
a single trench; the D Area burial grounds contained two 40 by 20 by 10 foot trenches. The
F Area burial ground was 175 feet by 50 feet by 15 feet deep, the B Area burial ground was
50 feet by 50 feet by 20 feet deep, and the H Area burial ground was 150 feet by 30 feet by
10 feet deep (DOE-RL 1991a).

Tritium Separations Project Burial Ground. Wastes associated with the metal lines
used in the tritium separations project were disposed to this burial ground. An estimated 562
tons of waste, including 18 tons of lead and 25 tons of aluminum, were disposed. This
included 11,000 curies of tritium.

Biological Burial Grounds. Two burial grounds in the F Area were used for the
disposal of biological wastes. Each burial ground contained an estimated 15 curies of
Strontium-90 and 0.30 curies of Plutonium-239/240.

Ash Pits. The ash pits received coal ash sluiced with water from the powerhouse.
The ash pits received coal ash sluiced with water from the powerhouse. Ash from selected
power plants at the Hanford Site has been characterized as nonradioactive and nonhazardous.
Common sources of coal were used throughout the site so the ash in the pits will probably be
comparable to these analyses. The ash was analyzed using the extraction procedure (EP)
toxicity test in accordance with WAC 173-303 and no hazardous materials were found (DOE-
RL 1991a).

Burn Pits. Burn pits in the 100 Area were used to dispose of nonradioactive
combustibles such as paints, solvents, laboratory wastes, and office wastes. Evidence of
burning exists at the sites and several of the pits are also believed to have been used to
dispose of rubble from demolition projects and debris and soil from retention basin repairs.
Other materials which may have been disposed to the burn pits include scrap metal, glass,
and asbestos. Sizes of the burn pits range from 9,600 to 224,000 square feet.

Storage Caves/Vaults. The storage caves/vaults were used for temporary storage of
horizontal control rods for decay prior to disposal. One vault was used for the storage of
miscellaneous reactor hardware and the hardware still remains in the vault. The caves were
40 foot by 25 foot concrete tunnels covered with mounds of dirt. The vault in the F Area
was a l6x8x8 foot concrete box with a wooden cover (DOE-RL 1991a). Exposure rates vary
from 1 mR/hr up to 50 mR/hr at the tunnel entrances. No information is available on
specific inventories of radionuclides.
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Demolition Sites and Landfills. Demolition sites and landfills in the 100 Area
received very low-level construction and demolition wastes. Little or no radiological
contamination is expected in these sites.

1.3.1.3.4 Reactor Building. The reactor building housed the reactor core and a fuel
storage basin which consisted of a water filled concrete structure used to temporarily hold
spent fuel elements for decay of short-lived radionuclides. Some basins presently contain
highly radioactive sludge. The reactor buildings are not included within the past practice
operable units and thus are not within the scope of this FS; they are subject to actions as part
of the Surplus Reactors Decommissioning Program.

1.3.1.3.5 Miscellaneous Facilities and Waste Sites. Storage Tanks. Tanks were
used in the 100 Area for storing hydrocarbon products, acids, and chemical wastes. The
tanks range in size from approximately 30 gallons for an evaporation unit to 1,650,000
gallons for oil storage tanks. Many of the tanks are currently either empty or water-filled,
although some contain small amounts of residual waste. A few of the tanks have been
moved to the 200 Area. Contamination associated with the tanks includes leaks and spills
(DOE-RL 1991a).

Unplanned Releases. Unplanned releases occurred in the 100-F, 100-K, and 100-N
Area. The 100-N unplanned releases are discussed in further detail in Section 1.3.3.2.5.
The 100-F Area release occurred on March 13, 1971 when the main sewer line between the
141-C and 141-M buildings became plugged. The spill consisted of wash water from the
clean out of animal pens and contained an estimated 4.0E-5 Ci of Strontium-90 and 1.06E-6
Ci of Plutonium-239. The area was stabilized with clean gravel (DOE-RL 1991a).

The unplanned release in the K Area occurred in April 1979 when the 105-KE pickup
chute area of the fuel storage basin leaked approximately 450 gallons per hour of fuel storage
basin effluent and debris for an unknown period of time. Total activity was estimated at
2,530 curies including 1.3 Ci of Plutonium-239/240. The release was completely below
ground with no associated surface contamination (DOE-RL 1991a).

Undocumented releases of hydrocarbon products and chemicals may have resulted in
contamination of the soils in the 100 Area. In addition, unplanned releases to the air
occurred in the 100 Area but are outside the scope of this report.

100-K Area Brine Pits. The pits were concrete structures, either underground or
partially underground, ranging in area from 160 to 390 square feet. Salt was unloaded to the
pits and water was circulated through the salt to create a brine for use in the power house.
The salt was also used in water softeners. Contamination includes salt brine and residue
(DOE-RL 1991a).

White Bluffs Pickling Acid Crib. This crib is located in the 100-IU-5 operable unit
and was used to treat (pickle) piping for the reactors during the construction phase. This
process used several thousand gallons of nitric and hydrofluoric acid. Vent pipes protrude
every 18 inches and the surface is covered with large cobbles (DOE-RL 1991b).
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Septic Systems. Thirty septic systems serviced the first eight reactor areas. The
systems received sanitary sewage from buildings and possible contamination could include
mercury from manometers, thermometers, and electrical equipment or wastes from
laboratories which may have been disposed in sinks and floor drains. In addition, waste
water from change rooms and the decontamination of face masks may have contributed to
radiological contamination of the septic systems. No sampling data are available for the
septic systems (DOE-RL 1991a).

1.3.1.4 100-N Area Facility Characteristics and Contamination.

1.3.14.1 Liquid Waste Disposal Facilities. The liquid waste disposal facilities in
the 100-N Area consist of cribs, French drains, ponds, emergency dump tank and basin, and
miscellaneous liquid waste facilities. Available data on the nature and extent of liquid waste
disposal facility contamination are given in Table 1-8.

Cribs. The 116-N-1 crib consisted of a rectangular basin 290x125x12 feet with a
50x1600 foot extension trench. The 116-N-3 crib consisted of a concrete diversion box with
an associated 250x240 foot concrete header box and a 3,OOOxlOx7 foot extension trench. A
36 inch diameter, 1,200 foot long pipeline connected the box to the header. The cribs
received radioactive water containing both activation and fission products. Small quantities
of corrosives and laboratory chemicals were also disposed of in these cribs.

Chemical wastes disposed to the cribs include:

* Hydrazine test solution
* Ammonia test solution
* Chloride test solution
* Fluoride test solution
* Lead-acetate battery fluid
0 Nickel-cadmium battery fluid
0 Hydrazine
0 Sodium dichromate (DOE 1990d).

French Drains. The 100-N Area French drains were constructed of 2 to 8 foot
diameter clay pipe packed with lime. One of the drains had an associated 8x25 foot concrete
vault/neutralization pit. The drains received either spent sulfuric acid or sodium hydroxide
wastes (DOE-RL 1991a).

Ponds. Ponds were used in the 100-N Area to treat corrosive regeneration effluent,
to settle out solids from filter backwash, and to dispose of backwash effluent. The ponds
were generally unlined sloped-sided trenches ranging in area from 5,500 square feet to
29,000 square feet. Exceptions are the 130-N-1 filter backwash discharge pond, which is a
natural, marshlike basin, and the 120-N-2 surface impoundment, which was double lined.
The 130-N-1 pond also received aluminum sulfate and polyacrylamide solutions. Flow rates
to the ponds were as high as 430,000 gallons per day.
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Miscellaneous Liquid Waste Facilities. The 116-N-2 (1310-N) radioactive chemical
waste treatment and storage facility was a waste management unit consisting of a complex
system of piping, pumps, a transfer tank, and a large treatment and storage tank. This
facility was used to neutralize the pH of and temporarily store radioactive waste acid solution
used in internal reactor decontamination. The transfer tank is a spherical metal'structure
with a 900,000 gallon capacity; it is partially buried and surrounded by a 25 foot high
compacted soil radiation barrier on three sides. Decontamination wastes from the primary
water loop of the reactor were transferred by a 6 inch diameter underground pipe to the
transfer tank and then to the storage tank for neutralization.

The decontamination wastes included 70% phosphoric acid and diethylthiourea.
Decontamination of the primary loop occurred once every three to five years and resulted in
approximately 600,000 gallons of waste solution per decontamination event (DOE 1990d).

1.3.1.4.2 Solid Waste Disposal Facilities. The 128-N-1 burning pit is the only solid
waste disposal facility listed in the Waste Information Data System (WIDS) for the 100-N
Area. The burning pit was used to burn nonhazardous waste such as paper, wood, trash,
etc. generated at 100-N Area. The dimensions and exact location of the unit are unknown
(DOE-RL 1991a). No characterization data are available in WIDS or DOE 1990d.

1.3.1.4.3 Miscellaneous Waste Facilities. Miscellaneous waste facilities include the
three 118-N-1 spacer storage silos, the 116-N-8 mixed waste storage area, and the 120-N-4
nonhazardous and nonradioactive storage area. Information on types and amounts of
contamination in these facilities is unavailable.

* 118-N-1

The three 118-N-1 spacer storage silos were used for temporary storage of
irradiated fuel spacers which came in direct contact with the fuel elements in
the reactor. The silos were each 16 feet in diameter and 20 feet deep. Two
of the silos were open-bottomed; the other had a concrete floor. All three
were covered with concrete caps. The silos currently contain dry irradiated
spacers (DOE 1990d).

* 116-N-8

The 116-N-8 mixed waste storage area is a concrete-paved, mixed waste
container storage pad. The pad is walled on two sides, covered by a roof, and
surrounded by a curb and a mesh fence. The pad measured 60 feet by 152
feet. Drums and containers of radioactively contaminated oil and
miscellaneous hazardous process chemicals are stored on the pad (DOE
1990d).

* 120-N-4

The 120-N-4 nonhazardous and nonradioactive storage area is a 100 foot by 75
foot curbed concrete pad. The pad is used to store nonradioactive'and

1-20



DOE\RL-92-11
Draft B

nonhazardous oils and aqueous liquids. Prior to 1985, the unit was unpaved
and used as a laydown yard for radioactively-contaminated equipment.
Information on types and amounts of wastes for this time period are
unavailable (DOE 1990d).

1.3.1.4.4 Sanitary Sewer Systems. The 100-N Area contains ten sanitary septic
systems: one cesspool, one lagoon, one septic tank with an associated tile field, two septic
tanks with seepage pits, and five septic tanks with associated drain fields. Flow rates to the
septic systems ranged from 45 to 50,000 gallons per day.

The 124-N-4 sanitary sewer system has detectable surface contamination. No other
characterization data are available for these facilities in WIDS or the 100-N Area work plans.

1.3.1.4.5 Unplanned Releases. The 100-N Area had 33 unplanned releases
consisting primarily of line leaks and spills during transfers (DOE 1990d). One release
resulted when a contaminated piece of equipment fell off a truck; the other releases involved
spills/leaks of low level radioactive water, petroleum fuels, or nonradioactive chemicals.
Unplanned releases are tabulated in Appendix E.

Radioactive Liquids. Releases of radioactive liquids ranged from less than 100
gallons to over 500,000 gallons. Contamination ranged from less than 1MCi to 35 curies.
Many of the releases were remediated by removal of contaminated soil and/or covering with
clean soil.

Petroleum Fuels. Diesel and/or fuel oil leaked from pipelines or overflowed from
storage tanks. The fuels were nonradioactive and ranged from 200 gallons up to 80,000
gallons. The extent of remediation on these releases is generally unknown.

Nonradioactive Chemical Liquids. Spills during the transfer of chemicals ranged
from approximately 500 gallons to 3,500 gallons. The chemicals included phosphoric acid
and diethylthiourea mixture, sulfuric acid, and sodium hydroxide. Acid spills were
neutralized with soda ash. Cleanup included removal of contaminated soils and backfill in
some spill areas. The extent of residual contamination is unknown (DOE-RL 1991a).

1.3.1.5 Soils. Most of the wastes generated during the operations of the 100 Area reactors
were disposed to the soils, either intentionally or through leakage. Groundwater mounds
existed in the 100 Area because of the volumes of liquids disposed to the soils. Available
data on nature and extent of soil contamination are summarized in the subsections below.
The 100-N Area soils are discussed in Section 1.3.1.5.4.

1.3.1.5.1 Background Soil Quality (excluding 100-N Area). Background soil
quality data specific to the 100 Area are generally unavailable. Samples are collected
periodically as part of the Hanford Environmental Management Program from locations both
on and off the Hanford Site. These samples are limited in applicability for several reasons:

0 No subsurface samples are collected.
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* Those samples which are routinely obtained are analyzed for a limited range of
radionuclides.

* Samples are generally collected near sources and are therefore influenced by
past operations.

Data from the 1989 onsite and offsite sampling are presented in Table 1-9. No data
have been developed for nonradioactive inorganic contaminants such as nitrate and
chromium.

A characterization effort is currently underway at Hanford to determine background
concentrations for soils. Available data from this effort are presented in Table 1-10.

1.3.1.5.2 Soil Contamination (excluding N Area). Soil contamination in the 100
Area has resulted from the following potential operational sources:

0 Fallout from stack emissions
0 Planned releases from waste handling and disposal facilities
* Unplanned releases (Jaquish and Mitchell 1988).

Table 1-11 contains surface soil data collected in 1987 as part of the Hanford
Environmental Management Program. The environmental samples of surface soil collected
in 1985 by United Nuclear Corporation (UNC) near the retired 100 Area reactor facilities
indicated no release or biotransport of radionuclides to the immediate environment. Table
1-12 presents the range of contaminants found in the 100 Area soils in the 1985 sample
collection (Jacques 1986).

Sampling for vadose zone contaminants was performed in the 1970s by Dorian and
Richards (1978). Their investigation focused on the retention basins and liquid waste
disposal facilities. Contaminant information given in Section 1.3.3.1, Section 1.3.3.2, and
Tables 1-5, 1-6, and 1-8 represents the available data for the 100 Area soils. Sampling data
for nonradioactive contaminants are unavailable.

1.3.1.5.3 100-N Area Background Soil Quality. Background soil samples were
collected at the 120-N-l Surface Impoundment, the 120-N-2 Percolation Pond, and the north
and south settling ponds. The analyses of these samples can be generalized as follows:

0 Background radionuclide concentrations were low; the radionuclides present
included:
- Uranium
- Potassium-40
- Lead-212
- Lead-214
- Gross beta.

* Background soils contained metals, with low concentrations of volatile
organics and no semi-volatiles (DOE 1990d).
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Background values for other sites in the 100-N Area are unavailable.

1.3.1.5.4 100-N Area Soil Contamination. The findings from UNC's 1985
sampling campaign (Jacques 1986) are presented in Tables 1-11 and 1-12 and can be
generalized as follows:

* Environmental samples of surface soil and direct radiation measurements
collected near 100-N Area indicated no significant releases to the immediate
environment.

* Radionuclides released to 116-N-1, the 1301-N liquid waste disposal facility,
were detected in the surface soil adjacent to the facility.

* Sediment samples collected from the 1301-N liquid waste disposal facility and
116-N-3, the 1325-N crib, contained activation and fission products discharged
from N Reactor.

Table 1-13 presents average radionuclide concentrations in the 100-N Area surface
soil from 1981 to 1985.

Subsurface soils near the 116-N-1 crib and trench were sampled in 1982 (Robertson
et. al., 1984) as part of a research project. Data from gamma logs of the boreholes indicate
that very low concentrations of radionuclides such as Cobalt-60, Cesium-137, Antimony-125,
and Ruthenium-106 were present above the water table in the borehole nearest the facility.
Concentrations of the radionuclides in the unsaturated zone decreased in the other two
boreholes which are farther from the crib and trench. Concentrations increased markedly in
the soils at the water table in all three wells. Organics found in the samples include alkenes,
alkanes, alkynes, elemental sulfur, and three cyclic sulfur species.

Studies conducted on 100-N Area soils indicate that radionuclide-specific sorption will

occur and that sorption is dependent upon ionic species; 100-N Area soils have no capacity to
retain iodine and phosphorous and very low capacity to retain tritium. Strontium, cesium,
and other radionuclides will be preferentially sorbed to varying degrees (DOE 1990d).

1.3.1.6 Groundwater. Groundwater contamination in the 100 Area is primarily a result of
direct disposal of liquid wastes to the soil. The groundwater beneath the 100-N Area
contains higher concentrations of a greater number of radionuclides because of its more
recent operations.

1.3.1.6.1 Background Groundwater Quality. Groundwater in the unconfined
aquifer on the Hanford Site is characterized as calcium bicarbonate dominant; primary

inorganic constituents include calcium, bicarbonate, sulfate, silica, sodium, chloride,
magnesium, and potassium. Secondary natural constituents occurring in trace amounts (<1
ppm) include ammonia, barium, fluoride, manganese, and strontium. The natural Hanford

groundwater contains moderate total hardness, approximately 120 ppm, and total dissolved
solids, approximately 250 ppm. Background levels for Hanford groundwater are presented
in Table 1-14. Background concentrations have been estimated from groundwater samples
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collected as part of the Hanford Sitewide Groundwater Monitoring Project from areas judged
to be unaffected by Hanford operations (Evans et al. 1990).

An effort is currently underway to determine sitewide groundwater background levels.
The initial results from this study are presented in Table 1-15. The information in the table
was taken from Hanford Site Groundwater Background (DOE-RL 1992b) and represents a
compilation of data from the following sources:

0 Basalt Waste Isolation Project Hydrochemistry Database
0 The Hanford Groundwater Database
a U.S. Geological Survey Data
0 Pacific Northwest Laboratories Summary (Evans et. al., 1990).

Background concentrations specific to the 100 Area are not available and use of the
general Hanford Site groundwater data may not be appropriate for all comparisons. Because
of the close proximity to the Columbia River, the river water influx may dominate the flow
system in the vicinity of the reactors, such that background groundwater quality may be
closer to river water quality.

1.3.1.6.2 Groundwater Contamination. Contamination in the groundwater of the
100 Area is a result of past waste disposal practices. Groundwater is monitored routinely for
radioactive and inorganic contaminants. Tritium and nitrate are mobile contaminants found
in the Hanford area groundwater and serve as indicators of the extent of contamination.
Tritium was one of the major radionuclides found in the 100 Area waste streams and nitrate
results from the nitric acid used in reactor decontamination. Hexavalent chromium is another
mobile contaminant which can be used to estimate the extent of contamination. Sodium
dichromate, used to control oxidation of aluminum parts, and chromic acid, used to
decontaminate dummy fuel elements, account for the hexavalent chromium concentrations in
the Hanford groundwater.

Groundwater monitoring efforts for 1989 included analyses of samples taken from 91
wells, 43 of which were in the 100-N Area. Contaminants found in the groundwater which
exceeded (for comparison) the Safe Drinking Water Act (SDWA) Maximum Contaminant
Levels (MCL) (40 CFR 141) are presented below (Evans et al. 1990). Tables 1-16 through
1-18 present contaminant ranges for key inorganic constituents, radiological constituents,
nitrate, and volatile organic compounds found the 100 Area groundwater (Evans, et al.,
1990). Table 1-19 presents a list of constituents detected in the 100-N Area which exceeded
drinking water standards (SDWA MCLs) for the period April 1987 to November 1989.

Hexavalent Chromium. Hexavalent chromium was detected in wells in the 100-B/C,
-D/DR, -H, -F, and -K Areas. The maximum concentration, 692 pg/L, was found in a
monitoring well in the 100-D Area. This concentration was lower by a factor of two from
1987. Chromium plumes are centered near the D reactor and south of 116-H-6, the 183-H
solar evaporation basins.

Nitrate. Nitrate was measured at concentrations greater than the 45 mg/L MCL in
all areas.
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Tritium. Tritium concentrations greater than the 20,000 pCi/L MCL were detected
in 100-B/C, -D/DR, and -K Areas with the maximum concentration of 882,000 pCi/L found
in the 199-K-30 well.

Gross Alpha. The gross alpha MCL of 15 pCi/L was exceeded in the F and H
Areas. The wells in the F Area with elevated gross alpha contained uranium at levels which
would account for the gross alpha levels detected.

Gross Beta. The 50 pCi/L MCL for gross beta activity was exceeded throughout the
Hanford Site. Gross beta levels in the 100 Area can be attributed mainly to a combination of
uranium and technetium-99 activity. Strontium-90 also contributes to the gross beta activity
in the 100-N Area.

Cobalt-60. Cobalt-60 concentrations were consistently at or below detection limits
except in the 100-N Area.

Strontium-90. Strontium-90 concentrations in the 100-B/C, -D/DR, -F, -K, and -N
Areas exceeded the MCL of 8 pCi/L. The highest concentration of 23,400 pCi/L was found
at 116-N-1, the 1301-N liquid waste disposal facility.

Technetium-99. 100-H Area wells showed technetium-99 concentrations greater than
the 900 pCi/L SDWA MCL.

Ruthenium-106. Ruthenium-106 has a short half-life (367 days) and is generally
associated with operating reactors. Ruthenium-106 has been detected in the past at the N
Area but could not be detected by routine methods in 1989. The SDWA MCL for
ruthenium-106 is 200 pCi/L.

Antimony-125. Antimony-125 was measured in the 100-N Area near 116-N-3, the
1325-N liquid waste disposal facility, with a maximum concentration of 93.6 pCi/L. The
SDWA MCL for this radionuclide is 300 pCi/L.

Iodine-131. Iodine-131 has a half-life of just over 8 days. This radionuclide has
been detected in the 100-N Area during operating periods but was not measured in 1989 due
to the cold standby status of the 100-N reactor.

Uranium. Uranium levels in two F Area wells increased sharply in 1987 to a
maximum of 414 pCi/L in January 1988. The levels have decreased since that time and a
low of 91 pCi/L was measured in October of 1989. A uranium plume exists in the 100-H
Area near 116-H-6, the 183-H solar evaporation basins. The maximum concentration
measured in 1989 was 89 pCi/L.

Cesium-137, Plutonium. Concentrations for these contaminants were below
detection limits in the 100 Area.

1.3.1.7 Surface Water and Sediments. Routine monitoring of the Columbia River water
and sediments was initiated during 1945, shortly after the startup of the original plutonium
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production reactors, and continues today as part of the Hanford Environmental Monitoring
Program (Jacquish and Bryce 1989). Throughout the years, sample locations upstream of the
Hanford Site, outside the influence of site operations, and downstream of all site facilities
have been maintained to provide information on the background conditions in the Columbia
River and to identify influences from Hanford operations. The monitoring programs are not,
however, designed to differentiate contributions of contaminants from individual operating
facilities or areas.

1.3.1.7.1 Background Surface-Water Quality. Columbia River water samples
were collected upstream of Hanford facilities at Priest Rapids Dam and near the Vernita
Bridge to provide background data from locations unaffected by site operations (Jacquish and
Bryce 1989). Samples collected at Priest Rapids Dam were analyzed for radiological
constituents, while nonradiological analyses were performed on those samples collected near
the Vernita Bridge as part of the Surface Environmental Monitoring Project. In addition to
the Columbia River monitoring performed by Pacific Northwest Laboratories (PNL), the
river-water quality is monitored by the U.S. Geological Survey as part of the national Stream
Quality Accounting Network (McGavock et al. 1987), which provides primarily hydrologic
and nonradiological water-quality data.

Results of the radiological analysis of Columbia River water samples collected at
Priest Rapids Dam during 1988 are summarized in Table 1-20. This table shows that
radionuclide concentrations in the river water are extremely low; several of the radionuclides
identified are undetectable without the use of special sampling techniques and/or analytical
procedures. The 1988 average radionuclide concentrations shown in Table 1-20 are more
than an order of magnitude lower than the applicable drinking water standards in all cases.

Nonradiological water-quality data for the Columbia River upstream of the Hanford
Site are summarized in Table 1-21. Some listed parameters have no regulatory limit but are
useful as indicators of water quality. The results, where duplicated, were in general
agreement and were comparable to levels observed in recent years. In all cases, applicable
standards for Class A designated water were met.

Groundwater seeps are located along the riverbank throughout the 100 Area
(McCormack and Carlile 1984). Because these seep areas reflect groundwater discharge to
the river, background contaminant concentrations are best defined through the analysis of
groundwater samples.

1.3.1.7.2 Surface-Water Contamination. Radiological and nonradiological
pollutants are known to enter the Columbia River from the Hanford Site. In addition to
direct discharges from Hanford facilities, contaminants in the groundwater from past effluent
discharges are known to be transported into the river.

Columbia River water samples were collected at two locations downstream of
Hanford, the 300 Area water intake and the Richland Pumphouse, to identify possible
influence on contaminant concentrations from Hanford operations (Jacquish and Bryce 1989).
Samples collected from the 300 Area water intake were analyzed for radiological
constituents, while the Richland Pumphouse samples were analyzed for radiological and
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nonradiological parameters. The U.S. Geological Survey monitors the Columbia River water
quality at the Richland Pumphouse and several locations farther downstream of the Hanford
Site. Results of the radiological analyses of the Columbia River water samples collected
from the Richland Pumphouse during 1988 are summarized in Table 1-22 (Jacquish and
Bryce 1989). All radionuclide concentrations observed were well below applicable drinking
water standards. Tritium, Strontium-90, and Iodine-129 concentrations were identified as
statistically elevated at the Richland Pumphouse relative to Priest Rapids Dam, thus
indicating an influence from Hanford operations. Concentrations of other constituents
observed at the Richland Pumphouse were similar to those observed at Priest Rapids Dam
(Jacquish and Bryce 1989).

Nonradiological river water quality data at the Richland Pumphouse for 1988 are
summarized in Table 1-23. In general, concentrations of nonradiological water quality
parameters were similar at Priest Rapids Dam and the Richland Pumphouse. No indication
of any significant nonradiological deterioration of water quality along the Hanford Reach as a
result of Hanford Site operations exists. As was the case at Priest Rapids Dam, applicable
standards for Class A waters were met at the Richland Pumphouse.

1.3.1.7.3 Background Sediment Quality. Sediments in the Hanford Reach are
typically sand intermixed with gravel and rock (ERDA 1975). The stream bed in deep
channels is generally sand and gravel, while shallow areas have a bed consisting of sand, silt,
and some clay. Stream beds in the eddying areas of this fast-water stretch are mostly
composed of sand. Slack-water area sediments are made up of sand, silt, and some clay.

Columbia River sediment was sampled routinely from 1945 through 1960 at several
locations along the Hanford Reach. Special studies of the river sediments have continued
through the years and the State of Oregon and PNL have published reports (Beasley et al.
1981, Sula 1980) about radionuclide concentrations in the Columbia River sediments.

Background sediment samples were collected from behind Priest Rapids Dam in 1976
(Robertson and Fix 1977). Cesium-137 was the most abundant fallout radionuclide detected,
with trace amounts of Plutonium-238, Plutonium-239/240, and Americium-241 also present.

Sediment sampling above Priest Rapids and McNary dams was recently reinitiated as
part of the Surface Environmental Monitoring Project. Results of analyses of samples
collected during 1988 were published in Jacquish and Bryce (1989). Concentrations
observed above Priest Rapids Dam provide background information on sediment
contamination for the 100 Area. Analyses of the sediment samples included gamma scans,
Strontium-90, Uranium-235, Plutonium-238, and Plutonium-239/240. Table 1-24
summarizes radionuclide concentrations detected in sediments collected at Priest Rapids Dam.
Background information for chemical constituents in sediment is not available.

1.3.1.7.4 Sediment Contamination. Radionuclides, including neutron activation
products, fission products, and trace amounts of transuranics, were discharged into the
Columbia River as a result of plutonium production reactor operations in the 100 Area
(Robertson and Fix 1977). The radioactive material was dispersed in the river water and
sorbed onto detritus and inorganic particles, incorporated into the aquatic biota or, for larger
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particles of insoluble material, deposited on the riverbed. Some of this material has been
deposited along the shoreline areas above the low river level (riverbank sediments).
Radiation surveys of the exposed shorelines from the 100-B/C Area to the confluence of the
Snake River during 1978 and 1979 revealed several areas with elevated (>25gR/hr)
exposure rates (Sula 1980). The predominant radionuclides present in the riverbank
sediments were Cobalt-60, Cesium-137, and Europium-152 (Sula 1980).

Results from recent sediment-sampling activities at McNary Dam are available for
calendar year 1988 (Jacquish and Bryce 1989) and are summarized in Table 1-24. Surface
sediments behind McNary Dam are known to contain low levels of Hanford-origin
radionuclides (Robertson and Fix 1977, and Beasley et al. 1981) in addition to radionuclides
from atmospheric fallout. As expected, concentrations of Cobalt-60, Strontium-90, Cesium-
134, Cesium-137, Plutonium-238, and Plutonium-239/240 were higher in sediments from
behind McNary Dam than from behind Priest Rapids Dam (Jacquish and Bryce 1989). Data
on chemical characterization of sediments are not available.

1.3.1.8 Air.

1.3.1.8.1 Background Air Quality. Background concentrations of airborne
radionuclides have been measured at several distant communities in Eastern Washington at
locations shown in Figure 1-6 (Jacquish and Mitchell 1988). The average values for these
distant communities for 1987 are shown in Table 1-25.

1.3.1.8.2 Air Contamination. Concentrations of airborne radionuclides have been
extensively monitored on the Hanford Site and in nearby offsite communities. Data for the
100 Area are available from four monitoring stations: one each in the 100-K, 100-N, and
100-D Area, and one at the 100 Area fire station. These monitoring locations are shown in
Figure 1-6. The 1987 monitoring data for the 100 Area and nearby communities are
included in Table 1-25.

1.3.1.9 Biota. Very little site-specific data concerning radiological or chemical
contamination of biota in the 100 Area exists. However, the Hanford Environmental
Monitoring Program provides data on radionuclide contamination in biota throughout the
Hanford Site.

1.3.1.9.1 Terrestrial Biota. Strontium-90 concentrations in deer bones collected on
the Hanford Site ranged from 0.7 to 58 pCi/g and were comparable to those concentrations
measured in 1985. Cesium-137 concentrations were very low or nondetectable and were in
the range attributable to worldwide fallout. Strontium-90 levels in cottontail rabbits collected
near the 100-N Area indicated that the animals had at some time consumed food or water
contaminated with the radionuclide. Cesium-137 levels in the muscle and Plutonium-239/240
levels in the liver were below detection limits. Mean concentrations of Strontium-90 and
Cesium-137 were similar to levels in previous years (Woodruff, et al., 1991).

Tritium was measured in leaf water extracted from six locust trees growing near the
100-K Area. The maximum tritium concentration was 12,000 pCi/L and concentrations
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generally exceeded the concentrations from well water samples taken near the trees (Rickard
and Price 1989).

Deep-rooted plants in the riparian zone may have some usefulness as biological
indicators of radioactive materials in groundwater. These plants have roots deep enough to
contact groundwater. However, uptake quantities depend on plant species, age of growth,
and other factors.

1.3.1.9.2 Aquatic Blota. An extensive survey of the radionuclide concentrations in

aquatic biota at the 100-F Area was done in 1966-1967 (Watson et al. 1970) while the

reactors were still operating. The reported concentrations resulted from bioaccumulation of

reactor generated radionuclides rather than from atmospheric fallout. These radionuclides
would not be expected in samples collected above the Hanford Site.

Whitefish, carp, and bass were collected by Woodruff, et. al., (1991) from locations
along the Columbia River. Whitefish were collected near the 100-D and -N Areas; bass
were collected from the 100-F Area; and carp were collected near 100-N. Strontium-90
concentrations were detected in all the fish carcasses analyzed during 1990. Levels in
whitefish samples collected near the 100-D Area were similar to those collected downstream

of the Priest Rapids Dam. Bass and carp collected near the 100-N Area had higher
concentrations of Strontium-90 than the whitefish. Cobalt-60, Strontium-90, and Cesium-137
concentrations in the fish muscle samples collected from the 100-F and 100-N Areas were
typically below detection limit. Mean combined concentrations of Cobalt-60 and Cesium-137
in the fish muscle samples from the 100-D Area were similar to those collected above the
Vernita Bridge (Woodruff, et. al., 1991).

Clams collected near 100-N had Cobalt-60 and Strontium-90 levels close to detection
limits; Cesium-137 concentrations were below detection limits (Woodruff, et. al., 1991).

Tables 1-26 and 1-27 present radionuclide concentrations found in fish carcasses
collected in 1988 from locations upstream and downstream of the Hanford Site. Table 1-28
presents research conducted on radionuclide contamination of aquatic biota.

1.3.1.9.3 Riparian Biota. The shoreline of the Columbia River adjacent to the 100
Area includes a narrow band of riparian vegetation dominated by reed canary grass and other
grasses, sedges, and rushes. Strontium-90 was measured in the leaves and stems of reed
canary grass in this zone at locations downstream from the 100-K Area. The highest
concentrations were measured in samples collected near the 100-N Area and the lowest in
those samples collected near Richland (Rickard and Price 1989).

Strontium-90 was measured in the eggshells of Canada geese nesting on islands,
including Plow Island near Ringold, in the Columbia River. These data show that Strontium-
90 of Hanford Site origin is available to geese. However, the concentrations are too low to
observe health or reproductive defects in wild geese (Rickard and Price 1989).

The great blue herons that nest on the Hanford Site feed mostly on Columbia River
fish and can serve as biological indicators of chemical contamination in the riparian
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environment (Rickard et al. 1978; Fitzner et al. 1981, 1988; Blus et al. 1985; Riley et al.

1986). Toxic metals, such as lead, cadmium, and mercury, have been measured in the nest

debris (feces and food scraps) at one Hanford Site heron rookery. However, the levels of

these metals found in herons on the Hanford Site are lower than these reported elsewhere in

the Northwest (Fitzner et al. 1982). Heavy metal concentrations have also been examined in

eggs and in young herons from Hanford (Blus et al. 1985). Although no elevated levels

were detected for lead, copper, zinc, or mercury, these data provide a useful baseline for

comparison in future studies.

Birds of prey, particularly owls, have been implicated in the spread of radionuclides
near the 100-D, 100-F, and 100-H reactors (Caldwell and Fitzner 1984). Pellets and

regurgitated undigestible prey remains were found that contained Manganese-54, Cobalt-60,
Cesium-137, Europium-152,-154,-155, and two natural occurring radionuclides, Potassium-

40 and Radium-226. The mean Cesium-137 concentratioh for barn owl pellets collected near

the 100-D, 100-F and 100-H Areas was 3.1 (± 1.1) pCi/g dry weight. Pellet analysis show

these owls were feeding mostly on small mammals.

1.3.2 Physical Setting

1.3.2.1 Topography. The 100 Areas lie on a relatively flat bench between the Columbia
River and Gable Mountain and Gable Butte. Gable Mountain and Gable Butte separate the

100 Area from the rest of the Hanford Site. Gable Mountain in an elongated anticline rising

1086 ft above mean sea level. The average elevation of the 100 Area is approximately 400
feet. The land surface slopes gently to the north from the bases of Gable Mountain and
Gable Butte toward the Columbia River.

The Columbia River defines the northern boundary of past activities at the Hanford

Site. However, contamination may extend beyond the riverbank to include sediments and

surface water affected by releases from Hanford operations.

1.3.2.2 Geology of the Hanford Site. Hanford Site geology has been studied extensively

as part of site characterization activities for the Basalt Waste Isolation Project. Other
geologic studies have been completed to support facility siting and groundwater studies. The

following provides a summary of previous geologic studies compiled in Liikala et al. 1988.

The Hanford Site lies within the Columbia Plateau physiographic province. The
province is underlain by the Miocene age Columbia River Basalt Group (CRBG). The

geologic units beneath the Hanford Site are, in ascending order: the CRBG, the Ringold
Formation, a Plio-Pleistocene unit, and the Hanford Formation. Locally, Pleistocene and

Holocene alluvium, colluvium, and eolian deposits veneer the surface. The stratigraphy is

shown in Figure 1-7.

1.3.2.2.1 Columbia River Basalt Group. The CRBG forms the bedrock of the

Pasco Basin. The CRBG was emplaced between 6 and 17 million years before present (Ma)

from fissures in southeastern Washington and adjacent parts of Idaho and Oregon. Five

formations make up the Columbia River Basalt Group (Ledgerwood et al. 1978; Swanson et
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al. 1979). Beneath the Pasco Basin, the CRBG may be as thick as 14,000 ft (4,267 m). The
upper flows of the CRBG may be interbedded with Miocene sediments of the Ellensburg
Formation (Swanson et al. 1979).

1.3.2.2.2 Ringold Formation. The Ringold Formation was deposited over the
CRBG between 8.5 and 3.7 Ma in a fluvial/flood plain environment (Myers et al. 1979).
The maximum thickness is estimated at more that 1,200 ft (366 m).

Within the Pasco Basin, the Ringold Formation is divided into three stratigraphic
section types as shown in Figure 1-8 (Tallman et al. 1981).

Section Type I, located throughout the central Pasco Basin, is subdivided into four
textural units (Tallman et al. 1981):

0 Basal Ringold unit, sand and gravel
* Lower Ringold unit, clay silt, and fine sand with minor gravel lenses
0 Middle Ringold unit, occasionally cemented sand and gravel
0 Upper Ringold unit, fine sand and silt.

Section Type II consists of predominantly silt, sand, and clay with minor gravel
lenses, and is found north and east of Gable Mountain. Section Type III is composed of
talus, slope wash, and side-stream deposits that occur along the flanks of anticlinal ridges and
interfinger with the central basin deposits.

1.3.2.2.3 Plio-Pleistocene Unit. The Plio-Pleistocene unit overlies the Ringold
Formation in the western part of the Hanford Site near the 200 West Area. This eolian silt
and fine sand unit was deposited as reworked Ringold sediments. Relatively high caliche
contents are found in much of this unit. This unit does not occur within the 100 Area.

1.3.2.2.4 Hanford Formation. The Hanford Formation lies unconformably on the
eroded surface of the Ringold Formation, the Plio-Pleistocene unit, and locally, the basalt
bedrock. The Hanford Formation consists of cataclysmic flood sediments. These sediments
originated when ice dams in western Montana and northern Idaho broke resulting in massive
volumes of water flooding across eastern and central Washington. The floods scoured the
land surface, locally eroding the Ringold Formation, upper basalt flows, and interbeds.

Cataclysmic flood deposits are locally divided into two main facies, the Pasco Gravels
and the Touchet Beds. The Pasco Gravels are composed of poorly sorted gravels and coarse
sands. The Touchet Beds consist of rhythmically bedded sequences of graded silt, sand, and
minor gravel units (Myers et al. 1979).

1.3.2.2.5 Surficial Deposits. Eolian sediments, consisting of loess, active and
inactive sand dunes, alluvium, and colluvium, locally veneer the surface of the Hanford Site.

1.3.2.2.6 Geologic Structure. The major structural feature of the region is a series
of sub-parallel, west-to-northwest-tending folds known as the Yakima Fold Belt. Umtanum
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Ridge and Cold Creek Valley, west of the 100 Area, are examples of structurally controlled
anticlinal ridges and synclinal valleys. Gable Butte and Gable Mountain on the Hanford Site
represent an eastward extension of the Umtanum Ridge structure (Fecht 1978). The 100
Areas lie in the Wahluke syncline of the Yakima Fold Belt. This syncline is a down-warped
valley between the Gable Mountain and the Saddle Mountain anticlines.

1.3.2.3 Hydrogeology of Hanford Site. The Hanford Site lies near the center of the Pasco
Basin. Groundwater at the Site occurs under both unconfined and confined conditions. The
unconfined aquifer is within sedimentary deposits of the Ringold and Hanford Formations.

The depth to groundwater beneath the 200 Area plateau of the Hanford Site is
generally 200 to 300 ft (61 to 91 m) below land surface. However, north and east of Gable
Butte in the 100 Area, the water table is shallower and lies within the Hanford Formation at
depths of less than 200 ft (30 m) (Liikala et al. 1988).

The confined aquifers of the regional groundwater flow system are mostly contained
in the rubbley interflow zones and in sedimentary interbeds of the CRBG. Intermediate or
local confined systems also may occur in the Ringold Formation, where clay units act as
aquitards.

A regional water table contour map is presented in Figure 1-9. Groundwater moves
eastward across the Site and north to northeast beneath the 100 Area toward the Columbia
River. The river serves as the regional discharge for both the unconfined and confined
aquifers. The general eastward groundwater flow is interrupted by artificial recharge
mounds near the 200 Areas. Precipitation and runoff provide natural recharge to the
unconfined aquifer.

1.3.2.3.1 Hydrogeology of the 100 Area. Hydrostratigraphy. Six
hydrostratigraphic units are identified beneath the 100 Area. They are: lower confined
aquifer system, lower aquitard, upper confined aquifer system, upper aquitard, unconfined
aquifer, and the vadose zone. Figure 1-7 shows the hydrostratigraphy for the 100 Area.
The four upper hydrostratigraphic units are of importance to the 100 Area.

* Upper Confined Aquifer

The upper confined aquifer is contained in the basal Ringold Formation and
consists primarily of clays, sand, and gravel. The hydraulic conductivity of
the basal Ringold Formation has not been measured in the 100 Area; however,
since it contains significant quantities of clay and silts, conductivity is expected
to be low.

* Upper Aquitard

The upper aquitard is comprised of the clays, silts, and fine sands of the lower
Ringold unit. The estimated vertical hydraulic conductivity of this zone from
test results at 100-H Area is 10' ft/day (Liikala et al. 1988).
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Unconfined Aquifer

The unconfined aquifer is primarily found within the Ringold Formation above
the lower Ringold unit. Portions of the Hanford formation may be locally
included. An important hydrostratigraphic zone in the unconfined aquifer is a
silty sand zone that separates the relatively coarse upper and lower sand and
gravel zones. This zone may act as an aquitard and restrict groundwater flow
between the upper and lower portions of the unconfined aquifer. 100-H Area
aquifer tests results provide a hydraulic conductivity range of 10 to 100 ft/day
for the silty sand and gravelly silt sand units of the Ringold Formation (Liikala
et al. 1988).

Vadose Zone

Vadose zone sediments range in particle size from boulders to silt. Field
water contents of these sediments range up to 11 percent at the 100-H Area
(Liikala et al. 1988).

Groundwater Flow. In general, groundwater flows toward the river. Studies at
some 100 Area facilities show that gradient reversals occur near the river due to fluctuations
in river stage. Depth to groundwater in the 100 Area ranges from about 40 ft (12 m) near
the river to 200 ft (61 m) at the southern margin. The hydraulic gradient ranges from 0.001
to 0.0001 ft/ft (m/m).

1.3.2.4 Surface Water Hydrology.

1.3.2.4.1 Drainage Patterns and Surface Run-off. No well-defined drainage
channels exist within the 100 Area. The surficial deposits of the area are highly permeable
and consist primarily of coarse sands, pebbles, cobbles, and boulders. Direct precipitation
over the unit is mostly lost through evaporation, transpiration, and infiltration (ERDA 1975).
Normal precipitation, 6.25 in. (15.9 cm) per year (Stone et al. 1983), and extreme
precipitation events in combination with high evaporation and soil infiltration capacities, does
not generate significant surface runoff. Any surface runoff, however, would flow toward the
Columbia River.

1.3.2.4.2 Seeps and Springs. Small groundwater seeps have been seen during low
river stage near many of the reactor areas (McCormack and Carlile 1984). Seepage is partly
from bank storage and is affected by changes in river stage. During periods of high river
stage, the flow of groundwater may be temporarily reversed. The volume of the seep
discharges has not been quantified. No other naturally occurring surface water exists in the
100 Area.

1.3.2.4.3 Streamflow Characteristics. The Columbia River is the largest river in
the Pacific Northwest and the fifth largest river (by volume) in North America. Eleven dams
regulate its flow within the United States: seven upstream and four downstream of the
Hanford Site. Priest Rapids Dam, located at approximate river mile 397, is the nearest
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impoundment upstream of the Hanford Site. McNary Dam in the nearest dam downstream,
at river mile 292.

The Hanford Reach extends from Priest Rapids Dam to the head of Lake Wallula, the
impoundment behind McNary Dam, at approximate river mile 351. The Hanford Reach is

not impounded; however, it is regulated by Priest Rapids Dam. River discharge peaks in

June and is lowest in September and October. Table 1-29 describes the major characteristics
of the Columbia River.

1.3.2.4.4 Flooding Potential. Maximum Columbia River floods of historical record

occurred in June 1894 and June 1948. Maximum flows during these floods were about

740,000 and 690,000 ft/s (20,900 to 19,500 m3/s), respectively (McGavock et al. 1987).
Construction of several dams upstream of the Hanford Site since 1948 has significantly
reduced the likelihood of recurring floods of this magnitude (DOE 1987). The probable

maximum flood has been calculated to be about 1.4 million ft3/s (39,600 m3/s) and would be

expected to inundate the northern and eastern portions of the 100 Area (DOE-RL 1982, DOE
1987, Cushing 1988). The flooded area for a flood of this magnitude is shown in
Figure 1-10. The 100-year and 500-year floods, which would be of lower flow volume than

the probable maximum flow, are not expected to significantly affect the area.

1.3.2.5 Meteorology. Climatological data are available from the Hanford Meteorological
Station (HMS), located between the 200 East and 200 West Areas in the central portion of

the Hanford Site. Data have been collected at the HMS since 1945, and precipitation and

temperature data from nearby locations are also available for the time period 1912 through
1943. Data from the IMS are assumed to represent the general climatic conditions for the
entire site. The summaries presented in the following sections were extracted from DOE
1987. Data from the Vernita Bridge climatological station were not included.

1.3.2.5.1 Precipitation. The Hanford Site is located within a rain shadow formed
by the Cascade Mountains to the west. The average annual precipitation at the site is 6.3 in.
(16 cm). Most of the precipitation takes place during the winter, with nearly half of the

annual amount occurring from November through February. Average winter monthly
snowfall ranges from 0.3 in. (0.8 cm) in March to 5.3 in. (13.5 cm) in January.

Days with precipitation greater than 0.5 in. (1.3 cm) occur with a frequency of less
than 1 percent during the year. The average annual relative humidity is 54 percent.
Humidity is higher in winter than in summer, averaging about 75 and 35 percent,
respectively.

1.3.2.5.2 Temperature. Average monthly temperatures at the Hanford Site range
from 29*F (-1.5*C) in January to 76*F (24.7*C) in July.

1.3.2.5.3 Wind. In general, prevailing wind directions are from the northwest
throughout the year. Monthly average wind speeds are lowest during the winter, averaging
6.2 to 6.8 mi/h (10 to 11 km/h). Monthly average wind speeds peak in the summer,
averaging 8.7 to 9.9 mi/h (14 to 16 km/h). Wind speeds well above average are usually
associated with southwesterly winds. In the summer, high-speed winds from the southwest
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are responsible for most of the dust storms in the region. High-speed winds are also
associated with afternoon winds and thunderstorms. The summertime drainage winds are
usually northwesterly and frequently reach 31 mi/h (50 km/h). An average of 10
thunderstorms occur each year, usually during the summer.

1.3.2.5.4 Evapotranspiration. Mean annual evapotranspiration for the Hanford area
is about 60 in. (74 cm). The actual annual evapotranspiration rate under normal conditions
for a 6-in. (15-cm) assumed available water capacity is estimated to be about 7 in. (18 cm)
(USWB/USDOA 1962).

1.3.2.6 Environmental Resources.

1.3.2.6.1 Flora. The natural vegetation consists mostly of a sparse covering of
desert shrubs and drought-resistant grasses, predominantly from the sagebrush/cheatgrass/
bluegrass community. Bitterbrush and rabbitbrush are also common shrubs (DOE 1987;
PNL 1988). A narrow riparian zone, consisting of grasses and herbs interspersed with a few
deciduous shrubs and trees, exists along the banks of the Columbia River.

Endangered and threatened flora that could exist at the Hanford Site are listed in
Table 1-30. Persistentsepal yellowcress is found along the Hanford Reach and has recently
been located in the 100-B and -D Areas (Sackschewsky 1992).

1.3.2.6.2 Fauna. Predominant fauna of the sagebrush/grass community that may
reside in or near the 100 Area are the cottontail rabbit, jackrabbit, Great Basin pocket
mouse, horned lark, and western meadowlark. Mule deer, coyotes, and assorted species of
raptors forage in this habitat type, and grasshoppers are the most conspicuous insects in the
community (DOE 1987). Shade trees provide nesting sites for hawks, owls, and great blue
herons as well as perches for wintering bald eagles (Rickard et al. 1980, Rickard and Watson
1985).

Dominant riparian fauna along the Columbia River include swallows, gulls, and
waterfowl (ducks and geese). The long-billed curlew is also known to nest within the
cheatgrass habitat in the 100 Area (Allen 1980).

The Columbia River is the dominant aquatic ecosystem on the Hanford Site and
supports a large and diverse community of plankton, benthic invertebrates, fish, and other
communities. Phytoplankton (free-floating algae) and periphyton (sessile algae) are abundant
in the Columbia River and provide food for herbivores such as immature insects, that are
consumed by carnivorous species. Game species in the Columbia River include salmon,
bass, sturgeon, steelhead, and whitefish.

Table 1-30 lists endangered and threatened fauna that potentially occur at the Hanford
Site. Of the threatened species that could be found at the Hanford Site, only the bald eagle
is known to frequent the 100 Area. Endangered animal species likely to occur on and along
the Columbia River in or near the 100 Areas are the American white pelican, the peregrine
falcon, and the sandhill crane.
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1.3.2.6.3 Critical Habitats. Bald eagle roost trees, and nesting and foraging areas
are regarded as critical habitats for this species (Washington State Department of Wildlife
1987). No other critical animal habitats exist in the 100 Area due to the transient use of the
100 Area by other endangered and threatened animal species.

1.3.2.6.4 Land Use. Access to the entire Hanford Site is administratively controlled
by the DOE (DOE 1987). The site is zoned as an unclassified use district by Benton County
and, under the county's comprehensive land-use plan, the Hanford Site may be used for
nuclear-related activities. Nuclear and non-nuclear activities are authorized only on approval
from DOE.

Land use in the area surrounding the Hanford Site consists primarily of irrigated and
dry-land farming, livestock grazing, and urban and industrial development. (DOE 1987)
Immediately north and across the river from the 100 Area are the 32,100-acre Saddle
Mountain National Wildlife Refuge and the 55,600-acre State of Washington Department of
Wildlife Reserve (Figure 1-1). These lands provide a buffer zone around the reactor
complexes (DOE 1987).

1.3.2.6.5 Surface Water. The Hanford Reach of the Columbia River, near the 100
Area, is used for boating, fishing, hunting, and swimming (EPA 1988b). The 181-B
pumphouse supplies portable and process water to the 100-B/C, 100-D, 100-N, 100-K, and
200 Areas. The nearest downstream water intake is the 181-D pumphouse; the next
downstream water intake is the Ringold Fish Hatchery. The Richland pumphouse, the first
point of withdrawal for public use, is located 12.5 miles downstream of the 100-F Area.

1.3.2.6.6 Groundwater. The nearest known non-Hanford groundwater well is
located about 4 mi (6 km) upstream at the Vernita Bridge rest area. Because of the buffer
zone and the surrounding land use, private wells would be located at a minimum of 5 mi (8
km) from the 100 Area to the northwest.

1.3.2.6.7 Sensitive Environments. The Hanford Reach is the only significant
stretch of the Columbia River within the United States above Bonneville Dam that is not
impounded by a dam (PNL 1988). The reach has also been designated as a Class A
(excellent) surface water by the State of Washington (WAC 173-201). This designation
requires that water quality be maintained for the following uses:

0 Domestic, industrial, and agricultural water supply
0 Stock watering
0 Fish and shellfish migration, rearing, spawning, and harvesting
* Wildlife habitat
* Recreation (including primary contact recreation)
* Commerce and navigation.

1.3.2.7 Human Resources. The Hanford Reach is under consideration for designation as a
Wild and Scenic River. This designation could have impacts on removal actions at Hanford.
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1.3.2.7.1 Demography. No one resides on the Hanford Site. The working
population for the entire 100 Area is about 760 persons (EPA 1988b).

1.3.2.7.2 Archaeological Resources. Archaeological sites are found in several
locations on the Hanford Site including locations along the Hanford Reach. Both the
Ryegrass and the proposed Coyote Rapids Archaeological Districts are located on or near the
100 Area. Site 45BN153, lying partially within the 100-B/C Area, consists of house pits and
an open campsite but is not considered eligible for the National Register of Historic Places.
The other two sites lie on the opposite bank of the Columbia River across from the 100-B/C
Area. The K Area includes two campsites and one cemetery, all three contained in the
Ryegrass Archaeological District. The N Area has 8 sites, three of which are located north
of the river. No information is available for sites in the D Area, but several sites are located
in the vicinity of the 100-H Area. Archaeological sites at the Hanford and White Bluffs
townsites, as well as old ferry crossings, are the only sites associated with the F Area.

1.3.2.7.3 Historical Resources. The 100-B reactor is listed on the Historic
American Engineering Record and may be nominated to the National Register of Historic
Places by DOE. Gable Butte is a part of the Gable Mountain/Gable Butte Cultural District.
The district is being nominated to the National Register of Historic Places on the basis of its
archaeological and Native American cultural/religious significance. (Chatters 1989).

1.3.2.7.4 Community Involvement. The involvement of the potentially affected
community with respect to the RI/FS for the 100 Area is described in the Community
Relations Plan (CRP) that has been developed for the Hanford Site Environmental
Restoration Program. The CRP includes a discussion and analysis of key community
concerns and perceptions about the project, with a list of all interested parties.
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Figure 1-1. Hanford Site
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Figure 1-4. Typical Crib with Tile Drainage Field
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Figure 1-5. Cross Section of a Typical Solid Waste Burial Trench
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Figure 1-6. Air Sampling Locations
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Figure 1-7. Conceptual Hydrostratigraphic Column for the 100 Area
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Figure 1-9. Geology of the Water Table
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Figure 1-10. Flooded Area for the Probable Maximum Flood
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Table 1-1. Reactor Status

IT-1

OPERATED
REACTOR CONSThUCTED FROM TO STATUS

B' 1943 1944 1968 Retired

C 1951 1952 1969 Retired

Y-E 1952 - 1954 1955 1971 Retired

KW 1952 - 1954 1955 1970 Retired

N 1959 - 1962 1963 1987 Shutdown in
progress

D 1943" 1944 1967 Retired

DR 1949" 1950 1964 Retired

H 1948** 1949 1965 Retired

F 1943 - 1945 1945 1965 Retired

Source: DOE 1990a-e, DOE 199la-f
* B reactor was held in standby status from 3/19/46 to 6/2/48, then restarted.

Construction dates assumed in correlation with reactor operational dates.



Lw.

AREA OPERATION PERIOD OF ACTIVITY

I I OPERATION

100-F Fish Studies 1945 - 1976 Exposing fish to reactor cooling water effluent. Water discharged to PNL
outfall structure.

Fish Studies circa 1951 Additional Aquatic Biology Laboratory facility constructed with hatchery
troughs and laboratories.

Sheep Studies late 1940s Using about 1000 sheep in dose studies with iodine-131, strontium-90, and
cesium-137.

Pig Studies 1952 Similar exposure studies as those conducted with sheep.

Miniature Goats, Milk Various Times Pilot Studies.
Cows, Chickens, and
Ducks

Beagles Unknown 300 - 400 dogs used to study affects of ionizing radiation. Mainly used
plutonium-239

Strontium Gardens Unknown Studied growth of cereal grains, alfalfa and other crops in soil containing
controlled amounts of strontium-90 and cesium-137.

Greenhouse Unknown Radioccological experiments: grew potted plants.

100-B/C In Situ Vitrification May 1990 116-B-6-1 Crib used for in situ vitrification experiment.

100-H N Reactor Fuel 1973 to 1985 Treated, by solar evaporation in the 183-H Basins, waste solutions from N
Fabrication Waste reactor fuel fabrication facilities in the 300 Area. Both routine and non-

Treatment routine wastes were treated.

100- N Reactor irradiated 1975 to The 105-KE and 105-KW storage basins are used to store N reactor irradiated
KE/KW fuel storage present fuel elements. After short-lived radioisotopes decayed, they were shipped to

the 200 Areas for reprocessing.

Source: DOE 1991c

to
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Table 1-3. Water Treatment Additives

IT--3

ADDITIVE PURPOSE

Alum with excess sulfuric acid Enhance removal of suspended
- particulates by flocculation.

Hydrated calcium oxide Control pH (maintained at 7.5).

Chlorine Control algae growth in settling basins
(free chlorine residual: 0.2 ppm).

Source: DOE 1991c
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Table 1-4. Retention Basin Contamination

lT-4

Area of Average Maximum
Contamination Contamination Contamination

(Ci) (Ci)

Contamination inside the retention
basins:

- Sludge 42 92 (116-B-11)
- Soil Fill 6.6 18 (116-H-7)
- Concrete 10 13 (116-DR-9, 11-H-7)

Contamination outside the
retention basins:

- Soils Under Basins 84 280 (116-B-11)
- Soils Adjacent to 12.6 27 (116-D-7)

Basins

Source: Dorian and Richards, 1978 (Activity as recorded in 1978; Values not

decayed to present)



LIQUID REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
EFFLUENT AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTIONIUM CHEMICAL

SYSTEM INVENTORY PRESENT CONCENTRATION CONTAMINANTS
COMPONENT

Retention Basins B, C, D, Normal effluent from 5 - 400+ Curies '"Cs, wCo, "2Eu, 340 pCilg in sludge, Chromium, water
DR, F, H, reactor production per basin "'Eu, "Ni, "Sr, 22 pCi/g in fill, 5.4 treatment chemical
KE, KW operations, occasional 2M2PU pCilg in soils beneath additives

fuel clement rupture basins, 13 pCilg in
effluent soils adjacent to

basins.

Effluent B, C, D, Transferred effluent No inventory data '"Cs, OCo, "'Eu, No sampling data Same as retention
Pipelines DR, F, H, from reactor to available. 1"Eu, SNi, '11, available. basins

KE, KW retention basin, to 1"Eu, '0Sr
outfall structure, and to
river

Outfall B, C, D, Used to channel No inventory data '"Cs, 1Co, "2Eu, No sampling data Same as retention

Structures DR, F, H, effluent from the available. 1'Eu, "Ni, 'H, available. basins
KE, KW retention basin to the J"Eu, "Sr

middle of the river.
Spillway used in case
of overflow

Source: Dorian and Richards, 1978 (Activities as recorded in 1978; Values not decayed to present)
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LIQUID WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS

Pluto Cribs B, C, D, Effluent from fuel <0.1 to 3 Curies "Sr, 3H, 52Eu, om"Pu: 110 pCilg Chromium, water
DR, F, H element ruptures 260 Curies in 105-C IMEu, "'Eu, "Co, treatment chemical

pluto crib sand filter "'Cs additives

Dummy/Perf B, F, H Liquid wastes from 0.007 to 1.3 Curies "Sr, 1H, "2Eu, flWPu: 2.3 pCi/g Chromic, citric,
Decontamination decontamination of 'mEu, '55Eu, wCo, oxalic, nitric,

Cribs process dummies "'Cs sulfamic, and
sulfuric acids used
in decon.

108 Building B, D Contaminated liquid 116-B-5: 300 5H 0.33 pCi/g No data available.
Cribs effluents from 108 Curies

buildings
116-D-3,-4: <0.1
Curie

115 Building KE, KW Condensate and 240 Curies 3H, "C None No data available.
Cribs liquid waste from

reactor gas
purification systems

117 Building B, D, DR, Drainage from 0.0001 Curies at F "Sr, "'Eu,"ICs, 2"Pu: 0.1 pCi/g No data available.
Cribs F, H confinement system Area, less than 3PU

seal pits background at other
Areas

116-F-5, F Wastes from 0.00092 Curies "Sr, '"Eu, 15Eu, None Nitric acid
100-F Ball decontamination of ' 7Cs

Washer Crib boron-steel balls

116-KE-2, KE Radioactive liquids 38 Curies "Sr, 0Co 0"Pu: 2.1 pCi/g Sodium hydroxide
1706-KER Crib from cleanup

columns in 1706-
KER loop

0t
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LIQUID WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS

116-DR-7, DR Liquid potassium <0.1 Curies "1Sr, wCs, "7Cs None Potassium borate

105-DR borate solution from
Inkwell Crib the 3X system prior

to the Ball 3X system
upgrade

French Drains' B, D, F, K Area: sulfuric acid No radionuclide No radionuclide No radionuclide 120-KE-1 contains
KE, KW sludge from the acid inventories inventories available. inventories available. about 200 kilograms

storage tanks, also available. of mercury. The

mercury. Other 120-K drains have

areas received liquid PNL Hazardous

wastes from various Ranking System

decontamination Migration Scores of
processes and 40+, the other

effluent water from drains have scores
botany experiments of zero.
in the F Area.

Liquid Waste B, C, DR, Effluent from 107 3.1 to 79 Curies "Sr, 3H, "'Eu, fl/Pu: 5.3 pCi/g Chromium, water

Disposal F, H, K retention basins 'Eu, '5 Eu, wCo, treatment chemical

Trenches during fuel element 11Cs, '"Cs, U additives
failures

K Trench KE, KW Fuel storage basin 2100 Curies "Ni, "'Eu, "'Eu, "9"Pu: 130 pCi/g Chromium (sodium
overflow, leakage OCo, 13Cs dichromate);

from retention basin sulfamic acid,

valves, wastes from sulfuric acid, and

contaminated floor copper sulfate

drains, periodic other disposed to trench

liquid waste streams

105 Storage B, D, DR, F Water and sludge - 0.0021 to 4.7 wSr, 'H, '1 Eu, ""'Pu: 6.1 pCi/g Sodium dichromate
Basin Trenches from fuel storage Curies IMEu,"'Eu, "Co,

basins '"Cs

1608 Trenches DR, F, H Effluent during Ball 1.4 to 6.5 Curies 9'Sr, 'H, "Eu, Th Pu: 0.76 pCilg Sulfamic acid,
3X Project "'Eu, WCo, "7Cs sodium dichromate
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LIQUID WASTE REACTOR PURPOSEIWASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS

Sludge Trenches B, D, DR Sludge wastes from No data available. No data available. No data available. No data available.
the B Area retention Contamination may Contamination may Contamination may Contamination may
basin be similar to be similar to be similar to retention be similar to

retention basin retention basin basin contamination retention basin
contamination contamination contamination

Lewis Canal F Miscellaneous wastes 3.4 Curies '"Eu, I4Eu, 'Co, ""Pu: 0.99 pCi/g Chromium;
from 185-F and 190- 1 7Cs, 'H sulfamic acid
F buildings, disposed to canal
decontamination
wastes from 189-F
building, occasional
front and rear face
reactor effluent

Sources: Dornan and Richards, 1978 (unless otherwise noted) (All activities decayed through 1978)
HWIDS 1991 (All activities decayed through 4/1/86)Ti
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SOLID WASTE REACTOR PURPOSEJWASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS

105 Burial B, C, D, F, Low-level solid 4000 tons of waste 9 Sr, 'H, '5 Eu, 1.0 pCi/g in 118-B-1, Lead, cadmium,
Grounds H, KE, KW radioactive waste in 7 burial U4Eu, aCo, "7Cs, no data available on boron, mercury,

(118 Burial associated with grounds, 3900* "C, "Ni, "Ni, other burial grounds graphite
Sites) reactor operations: Curies in 7 burial '"Ag, '3 Ba

aluminum spacers, grounds
lead-cadmium reactor
poison pieces, boron *3800 Curies from
splines, graphite, 'Co, "Ni
process tubes, lead

Tritium B Aluminum cladding 562 tons of wastes, 'H No data available. Metal hydrides of
Separations from target material, 11,000 Curies lithium, aluminum,

Project Burial stainless steel and lead, mermury,
Grounds container and activated charcoal,

remnants, palladium, deliquescent
natural and some compounds
depleted uranium,
zirconium, solva
beads, tritium
contaminated pumps
and oil, glass line
components

Biological F Sawdust and solids 10,000 yd3 of "Sr nPu: 0.3 Curies No data available
Burial Grounds from dog kennels and sawdust, 15 Curies

swine pens: 118-F-5
10,000 cubic feet

Buried steel tanks of waste volume in
used to incinerate 118-F-6, 15 Curies
carcasses: 118-F-6
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SOLID WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS

Ash Pits B, D, F, H Coal ash sluiced with No radionuclide No radionuclide No radionuclide No sampling data
river water contamination contamination contamination available. Only

expected expected expected one ash pit
determined to be
toxic using an EP to
toxicity test

Burn Pits' B, C, D, F, Nonradioactive No radionuclide No radionuclide No radionuclide Asbestos may be
H, K combustibles, glass, contamination contamination contamination present

scrap metal, paints, expected expected expected
solvents, lab wastes,
office wastes

Storage C, F, KE, Horizontal control Radiation readings Radionuclides are Radionuclides are No data available

Caves/Vaults" KW rods were temporarily from lmR/hr up to unknown unknown
stored for decay prior 50 mR/hr are .0
to disposal, one cave present at tunnel
contains 4 rod tips, entrances
also miscellaneous
reactor hardware

Demolition Sites B, D, DR, Low level No radionuclide No radionuclide No radionuclide No sampling data
and Landfills H, K construction wastes, contamination contamination contamination available.

demolition wastes expected expected expected

Source: Miller and Wahlen, 1987 (unless otherwise noted; Activities as recorded in 1987; Values not decayed to present)
'DOE-RL 1991a (Values decayed through 411/86)
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SOLID WASTE PURPOSEIWASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CIEMICAL

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS

Cribs Radiated water 8,089 Curies for "Co, '3Sr, 06Ru, mPu: 18 Curies for Hydrazine, ammonia,
containing activation 116-N-1 (1988 Values) "Cs, "7Cs, "9N 116-N-i (1988 Values) chloride, and fluoride test
and fission products, solutions, lead- acetate
small quantities of 2.6 Curies for 116-N-3 battery fluid, nickel-
corrosives and 1,932 Curies for 116- (1988 Values) cadmium battery fluid,
laboratory chemicals N-3 (1988 Values) sodium dichromate

French Drains Sulfuric acid or None expected Not applicable Not applicable Acids, caustics, lead
sodium hydroxide wastes found in some of

the drains, others had no
evidence of acid or heavy
metal wastes.

Ponds Used to treat None expected Not applicable Not applicable Analysis of filter backwash
corrosive effluent indicates that it

regeneration effluent, does not contain any listed

to settle out solids dangerous wastes. (Krug
from filter backwash, 1989) Other contaminant
and to dispose of data was unavailable.
backwash effluent,
the 130-N-1 pond
also received
aluminum sulfate and
polyactylamide

Miscellaneous Decontamination 90,000 gallon spill, "Co (26 Curies) No data available phosphoric acid,
Liquid Waste wastes containing contained about 35 (1972 Value) diethylthiourea, sodium

Facilities 70% phosphoric acid Curies (1972 Value) hydroxide
and diethylthiourea

1 Sources: DOE 1990d
DOH-RL 1991a
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Table 1-9. 1989 Data from Onsite and Offsite Soil Sampling
Hanford Environmental Monitoring Program

lT-9

Contaminant Onsite* Average Offsite' Average

I_ pCi/g (dry weight)" pCi/g (dry weight)"

Strontium-90 0.25 + 0.33 0.13 + 0.03

Cesium-137 2.48 + 9.90 0.74 + 0.27

Plutonium-239/240 0.061 + 0.296 0.013 + 0.033

Uranium 0.60 + 0.51 0.73 + 0.13

'12 onsite samples, 23 offsite samples.
"The values given after the + sign are two standard errors of calculated mean.

Source: DOE 1990d (Activity as recorded in 1989; Values not decayed to present)
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Table 1-10. Hanford Site Soil Background

1T-10

CONSTITUENT BACKGROUND VALUE
(ppm)

Aluminum 15,100

Calcium 22,000

Copper 32.2

Iron 38,200

Lead 15.4

Sodium 167

Source: DOE/RL 1992c
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Table 1-11. Contaminant Concentrations in the 100 Area Soils, Environmental
Monitoring at Hanford for 1987

Location Strontium-90 Cesium-137 Plutonium-239/240 Uranium

1 Mile NE of 100-N Area 0.24 + 0.01a 0.81+ 0.05' 0.015 + 0.001' 0.19 _ 0.06'

1 Mile E of 100-N Area 0.31 + 0.01 1.1 + 0.1 0.023 + 0.002 0.34 + 0.10

100 Area Fire.Station 0.33 + 0.01 1.3 + 0.1 0.017 + 0.001 0.35 + 0.10

Southwest of B/C Cribs 0.02 + 0.01 0.01 + 0.02 0.001 + 0.001 0.19 + 0.05

All units in pCi/g, dry weight.
a1986 data. Location sampled on alternating years.
Source: Jaquish and Mitchell 1988 (Values not decayed to present)

1T-11
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Table 1-12. Soil Contamination Ranges
Environmental Monitoring

in the Retired 100
Project, FY 1985

Area, UNC

IT-12

Area Cobalt-60 Strontium-90 Cesium-137 Plutonium-238 Plutonium-239/240

B/C 0.13 - 0.49 0.014 - 0.050 <0.076 - 0.85 <0.00014 - 0.00040 0.00058 - 0.0011

D/DR 0.15 - 0.36 0.033 - 0.075 0.058 - 0.44 <0.00012 - 0.00031 0.0015 - 0.0052

F 0.16 - 0.64 0.050 - 0.56 0.19 - 2.8 <0.00017 - 0.0021 0.0015 - 0.032

H 0.14 0.086 - 0.11 0.23 <0.00013 - 0.00025 0.0039 - 0.0074

K 0.11 - 1.6 0.056 - 0.66 0.092 - 2.0 <0.00019 - 0.0651 0.0012 - 0.12

All units in pCi/g, dry weight
Source: Jacques, 1986 (Values not decayed to present)
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Table 1-13. Average Radionuclide Concentrations in 100-N Area Subsurface
Soil from 1981 to 1985

1T-13

Year Manganese-54 Cobalt-60 Strontium-90 Cesium-137 Plutonium-239/240

1980 0.24 0.85 0.18 0.50 0.018

1981 0.16 1.3 0.21 1.0 0.011

1982 0.13 1.6 0.099 0.34 0.0050

1983 0.21 2.7 0.29 0.44 0.0085

1984 NR 0.88 0.28 0.62 0.014

1985 .012 1.2 0.13 0.52 0.013

All units in pCi/g, dry weight.
Source: Jacques 1986 (Values not decayed to present)
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Table 1-14. Estimated Background Levels for Selected Constituents
in Hanford Groundwater

Constituent Detection' Background

Aluminum 2" <2

Ammonia 50 <50
Arsenic 02 3.9 +2.4"

Barium 6 42 + 20
Beryllium 0.3b 0.3b

Bismuth 0.02 <0.02
Boron 50 <56'
Cadmium 02 <02"

Calcium 50 40,400 + 10,300
Chloride 500 10,300 + 6,500

Chromium 2" 4.0 + 2.0"
Copper lb <1"
Cyanide 10 <10
Fluoride 500 370+ 100
Lead 0.5" <oS

Magnesium 10 11,800 + 3,400
Manganese 5 7+5
Mercury 0.1 <0.1
Nickel 4 <4"
Phosphate 1000 <1000

Potassium 100 4,950 ± 1,240
Selenium 2" <2
Silver 10 <10
Sodium 10 18,260 ± 10,150
Strontium 20 236 +102

Sulfate 500 34,300 ± 16,900
Uranium 0.5 1.7+ 0.8
Vanadium 5 17+9
Zinc 5 6+ 2
Alkalinity -- 123,000 + 21,000

pH -- 7.64 + 0.16
Total Organic Carbon 200 586 + 347
Conductivity 1d 380 + 82'
Gross Alpha 0.50 2.5 + 1.4
Gross Beta 4F 19+ 12

Radium 0.X <0.20
Tritium -- 2000

(a) Units in ppb unless otherwise noted.
(b) Based on Induction Coupled Plasma-Mass Spectrometry (ICP/MS) data.
(c) Units in pCi/L.
(d) Units in pmho/cm.
Source: DOE 1991c (Values reported for 1988)

1T-14
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Table 1-15. Hanford Site Groundwater Background, Summary of
Provisional Threshold Values (Page 1 of 2)

CONSTITUENT UNITS PROVISIONAL THRESHOLD
VALUE

Aluminum ppb <200
Ammonium ppb 120b
Arsenic ppb job

Barium ppb 68.5b
Beryllium ppb <5

Bismuth ppb <5
Boron ppb <100
Cadmium ppb <10
Calcium ppb 63,600b
Chloride, Low ppb 8,690b

Chloride, High ppb 28,5001
Chromium ppb <30
Copper ppb <30
Fluoride, LDL ppb 1,340"
Fluoride, LDL0  ppb 7756

Iron, Low ppb 866
Iron, Mid ppb 291a
Iron, High ppb 818'
Lead ppb <5
Magnesium ppb 16,480-

Manganese, Low ppb 24.5b
Manganese, High ppb 163.5b
Mercury ppb <0.1
Nickel ppb - <30
Nitrate ppb 12,400'

Phosphate ppb <1.000
Potassium ppb 7,975*
Selenium ppb <5
Silvert ppb <i0j
Silicon ppb 26,500b

Sodium ppb 33,500
Strontium ppb 264.1*
Sulfate ppb 90,500'
Uranium pCi/I 3.43b
Vanadium ppb 156

Zinc, Low ppb <50
Zinc, High ppb 673a
Field Alkalinity ppb 215,0006
Lab Alkalinity ppb 210,0001
Field pH [6.90, 8.241a

IT-15a
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Table 1-15. Hanford Site Groundwater Background, Summary of
Provisional Threshold Values (Page 2 of 2)

0
iT-15b

CONSTITUENT UNITS PROVISIONAL THRESHOLD
VALUE

Lab pH [7.25, 8.25]
TOC ppb 2,610b
TOCO ppb 1,610
Field Conductivity umho/cm 539'
Lab Conductivity umho/cm 5301

TOX, LDL 60.8b
TOX, LDL ppb 37.6"
Total Carbon pCi/l 50,100
Gross Alpha pCi/l 63b
Gross Alpha 5.79'0

Gross Beta pCi/ 35.5"
Gross Beta pCi/ 12.6220
Radium pCi/l 0.2

Source: DOE-RL 1992b
'Based on normal distribution.
bBased on non-parametric tolerance interval, maximum value reported.
Totential outlier observation(s) were removed.
'Based on inductively coupled plasma/mass spectroscopy (ICP/MS).
'From springs data (Early et. al., 1986).
<Indicates compound was analyzed for but not detected. Reported value after the "<" sign is the
detection limit.
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Table 1-16. Concentration Ranges of Key Inorganic Constituents
Groundwater - 1989 Sampling Data

in 100 Area

1T-16

Area Number of Nitrate* Cyanide Filtered
Wells/Number Concentration Concentration Chromium
of Samples Range (pg/L) Range (pg/L) Range (pg/L)

45 mg/L MCL

B/C 4/4 12,900- - <10 - 18
48,400

D/DR 3/3 69,500 - -- 120 - 692
122,000

F 4/4 <500- -- <10 - 13
151,000

H 23/63 4,600- <10 12-420
524,000

K 8/8 3,000- -- <10 - 120
51,300

N 35/148 <500 - 87,900 <10 <10

Source: Evans et al., 1990 (Activities as recorded in 1989; Values not decayed to
present)
* Taken from Table C.2, Evans et al., 1990
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Area Number of Tritium Nitrate* Gross Beta Strontium-9 Technetium-99

Wells/Number of (pCi/L) (pg/L) (pCi/L) (pCi/L) (pCI/L)
Samples ___

B/C 7/19 1,980 - 12,900 - 8.18 - 105 0.45 - 53.5 91.5 - 179
42,900 48,400

D/DR 3/10 3,690 - 57,000 - 5.14 - 94.7 0.42 - 45.2 0 - 0.51
53,300 122,000

F 7/20 56-9,550 <500 - 5.14-271 0-244 0-2
167,000

H 23/90 429-5,280 4,600- 0.22-250 -- 0.01-2440
524,000

K 8/27 491 - 3,000 - 3.4 - 29.8 0.16 - 3.39 2.85 - 18.9

882,000 66,000

N 43/171 27 - 218,000 <500 - 2 - 39,000 0.04 - 23,400 0.58 - 11.1
93,000

Area Gross Alpha Total Cobalt-60 Cesium-137 Plutonium- Iodine-129

(pCi/L) Uranium (pCi/L) (pCi/L) 239/240 (pCi/L)

_ I (pCi/L) (pCi/L)

B/C 3.33 0.77 - 14.40 0 - 12.70 0 - 3.97 -- --

D/DR -- 0.57 - 239 0.81 - 10.90 0 - 7.01 -- --

F -- 0.16- 143 0.89-3.02 0.44-5.26 - --

H 0.18 - 133 0.74 - 145 1.65 - 7.44 0 - 6.2 -- --

K -- 1.14-5.89 0-5.68 0.62-3.3 -

N 0.01 - 6.49 0 - 6.41 0.38 - 57 0 - 9.19 0.0021 - 0.0036 0.003 - 0.047

Source: Evans, et al., 1990 (Values not decayed to present)
* Taken from Table C.3, Evans, et al., 1990
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Table 1-18. Concentrations of Volatile Organic Compounds in 100 Area
Groundwater, 1989 Sampling Data

1T-18

Area Number of 1,1,1 Chloroform Perchloro Carbon Trichloro Trans Total

Wells/ Trichloro- (pg/L) ethylene Tetra- ethylene dichloro Organic
Number of ethane (pg/L) Chloride (pg/L) ethylene Halogens

Samples (pg/L) (gg/L) (pg/L) (pg/L)

H 23/53 <5 <3 - 28 <5 <5 <5 <5 <2 - 44

N 34/108 <5 <3 - 21 <5 <5 <5 <5 <2 -
< <1 4,690'

'Only four samples greater than 100 pg/I, only one sample greater than 500 pg/L. This number may not be

representative.
Source: Evans, et al. 1990 (Values not decayed to present)
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Table 1-19. Summary of Constituents Detected Above Drinking Water
Standards at 100-N Area, April 1987 to November 1989

Primary Water Quality Constituents

Arochlor 1016

Arochlor 1221

Benzene

Cadmium

Cobalt-60

Coliform

Gross Beta

Nitrate

Ruthenium-106

Strontium-90

Tritium

Turbidity

Secondary Water Quality Constituents,

Iron

Magnesium

pH < 6.5

pH > 8.5

Specific Conductance

Sulfate

Source: DOE 1990d

1T-19
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Table 1-20. Radionuclide Concentrations Measured in Columbia River Water at
Priest Rapids Dam in 1988, Upstream of the 100-B/C Area

Concentration (pCi/L)h

No. of
Radionuclide Samples Maximum Minimunm Average

Composite System

Gross alpha 12 0.85 ± 0.81 -0.07 ± 0.20 0.31 ± 0.17

Gross beta 12 2.31 ± 1.00 0.06 ± 1.00 0.96 ± 0.48

'H 12 89 ± 6 56 ± 4 70 ± 6

"Sr 12 0.184 ± 0.084 -0.044 ± 0.072 0.019 ± 0.038

"Sr 12 0.15 ± 0.03 0.05 ± 0.03 0.10 ± 0.02

U -12 0.27 ± 0.06 0.11 ± 0.03 0.20 ± 0.03

"U 12 0.014 ± 0.013 .0.003 ± 0.008 0.006 ± 0.003

"U 12 0.21 ± 0.04 0.11 ± 0.03 0.17 ± 0.02

Total uranium 12 0.48 ± 0.07 0.23 ± 0.05 0.37 ± 0.04

Continuous System

"C, P 20 0.0018 ± 0.019 -0.0012 ± 0.029 .0.0006 ± 0.0008
D 20 0.042 ± 0.041 -0.0027 ± 0.0042 -0.0009 ± 0.0011

D 4 0.000045 ± 0.000005 0.000006 ± 0.0000001 0.000017 ± 0.000019

P 11 0.0026 ± 0.0037 -0.0011 ± 0.0043 0.0008 ± 0.0008
D 11 0.0038 ± 0.0073 0.0068 ± 0.00114 -0.0007 ± 0.0023

"Cs P 20 0.004 ± 0.0024 0.0002 ± 0.0014 0.0018 ± 0.0005
D 20 0.0067 ± 0.0040 -0.0019 ± 0.0044 0.0028 ± 0.0011

""Pu P 4 0.00010 ± 0.00008 0.000002 ± 0.000007 0.00006 ± 0.00005
D 4 0.00010 ± 0.00016 0.00002 ± 0.00005 0.00006 ± 0.00004

'Radionuclides measured using the continuous system show the particulate (P) and dissolved (D) fractions separately. Other
radionuclides are based on samples collected by the composite system.
bMaximum and minimum values ±2 sigma counting error. Average ±2 standard error of the calculated mean. It is not
uncommon for individual measurements of environmental radioactivity to result in values of zero or negative numbers from
subtracting out instrumental background.
Source: Jacquish and Bryce 1989
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Table 1-21. Nonradiological Water Quality Data for the Columbia River
Upstream of the Hanford Site, 1988

SI No. of I Annual
Analysis Unit Samples Maximum Minimum Average

PACIFIC NORTHWEST LABORATORY ENVIRONMENTAL MONITORING

pH - 12 8.5 7.4 NA

Fecal coliform #/100 mL 12 130 2 2'

Total coliform #/100 mL 12 1,600 2 48'

Biological oxygen demand mg/L 12 5.2 0.7 2.11 ± 0.8

Nitrate mg/L 12 0.23 0.05 0.14 ± 0.03

U.S. GEOLOGICAL SURVEY SAMPLING PROGRAM'

Temperature' C 365 19.6 1.8 11.3

Dissolved oxygen mg/L 6 13.4 8.8 11.5 ± 14

Turbidity NTU 6 1.8 0.4 1.0 0.4

pH - 6 8.8 8.0 NA

Fecal coliform #/100 mL 6 3 <1 2'

Suspended solids, 105'C mg/L NR

Dissolved solids, 180'C mg/L 6 88 71 81 ± 6

Specific conductance pmhos/cm 6 162 123 140 ± 15

Hardness, as CaCO, mg/L 6 77 58 68 ± 7

Phosphorus, total mg/L 6 0.03 0.02 0.023 ± 0.004

Chromium, dissolved pg/L 3 <1 <1 <1

Nitrogen, Kjeldahl mg/L 6 0.5 <0.2 028 ± 0.11

Total organic carbon mg/L 4 2.8 1.4 2.1 ± 0.7

Iron, dissolved pg/L 3 65 9 28 I 37

Ammonia, dissolved (as N) mg/L 6 0.05 <0.01 0.02 ± 0.02

-Average values 12 standard error of the calculated mean.
bAnnual median.
'Provisional data subject to revision.
dMaxiMum and minimum represent daily averages.
Source: Jacquish and Bryce 1989
Legend:
NTU = Nephelometric turbidity units.
NA = not applicable.
NR = not reported.
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Table 1-22. Radionuclide Concentrations for the Columbia River
at the Richland Pumphouse, 1988

1T-22

Concentration (pCi/L

No. of
Radionuclide Samples Mlaximum Mininurza Average

Composite System

Gross alpha 12 0.76 ± 0.42 -0.04 ± 0.23 0.29 ± 0.13

Gross beta 12 1.62 ± 1.23 -0.02 ± 0.89 0.87 ± 0.29

'H 12 160 ± 7 98 ± 5 132 10

"Sr 12 0.098 ± 0.083 -0.72 ± 0.68 0.002 ± 0.28

"Sr 12 0.17 ± 0.03 0.08 ± 0.03 0.12 ± 0.02

zU 12 0.28 ± 0.05 0.04 ± 0.02 0.22 ± 0.04

MU 12 0.044 ± 0.020 -0.005 ± 0.000 0.009 ± 0.007

mU 12 0.25 t 0.05 0.07 ± 0.03 0.18 ± 0.03

Total uranium 12 0.57 ± 0.07 0.11 ± 0.04 0.41 ± 0.07

Continuous System

.Ca P 23 0.0059 ± 0.0038 -0.0002 ± 0.0013 -0.0014 ±0.0005

D 23 0.0113 t .0.0071 -0.0010 ± 0.0036 0.0029 ± 0.0011

M1 D 4 0.00014 ± 0.00002 0.000069 ± 0.000007 0.00010 ± 0.00003

IMI P 12 0.0022 ± 0.0025 -0.0011 ± 0.0034 0.0005 ± 0.0006

D 12 0.0101 ± 0.0164 -0.0116 ± 0.0205 0.0011 ± 0.0033

Incs p 23 0.0057 ± 0.0017 -0.0004 ± 0.0014 -0.0019 ± 0.0005

D 23 0.0130 0.0059 -0.0012 ± 0.0034 -0.0031 t 0.0014

P.Pu p 4 0.00013 ± 0.00006 -0.00002 ± 0.00001 0.0007 ± 0.00005

D 4 0.00005 ± 0.00011 0.000005 ± 0.000057 0.00003 ± 0.00003

'Radionuclides measured using the continuous system show the particulate (P) and dissolved (D) fractions separately. Other
radionuclides are based on samples collected by the composite system.
bMaximum and minimum values ±2 sigma counting error. Average ±2 standard error of the calculated mean. It is not
uncommon for individual measurements of environmental radioactivity to result in values of zer or negative numbers from
subtracting out instrumental background.
Source: Jacquish and Bryce 1989
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Table 1-23. Nonradiological Water Quality Data for the Columbia River
at the Richland Pumphouse, 1988

Pacific Northwest Laboratory Environmental Monitoring

AUysis unit No. of Maximm Minimum Annual
Samples Average

pH - 12 8.3 7.3 NA

Fecal coliform #/100 ml 12 70 2 7 b

Total coliform #/100 nt 12 240 9 70'

Biological oxygen demand mg/L 12 2.5 0.7 1.7 ± 0.4

Nitrate mg/L 12 1.1 0.06 0.3 ± 0.2

U.S. Geological Survey sampling program"

Temperature' 'C 365 20.0 1.4 11.6

Dissolved oxygen mg/L 4 13.2 10.3 11.7 1.5

Turbidity NTU 3 1.5 0.6 1.0 0.6

pH - 4 8.7 7.9 NA

Fecal coliform #/100 mL 4 8 <1

Suspended solids, lOC mg/L 3 4 <1 <2.7 ± 1.8

Dissolved solids, 180'C mg/L 3 91 74 83 ± 10

Specific conductance pmhos/cm 4 156 122 139 t 17

Hardness, as CaCO, mg/L 3 76 62 71 9

Phosphorus, total mg/L 3 0.03 0.02 0.023 ± 0.007

Chromium, dissolved pg/L 3 <1 <1 <1

Nitrogen, Kjeldahl mg/L 3 0.3 <0.2 0.27 ± 0.07

Total organic carbon mg/L 4 3.1 1.3 2.2 ± 0.8

Iron, dissolved pg/L 3 8 4 53 ± 2.7

Ammonia, dissolved (as N) mg/L 3 0.04 <0.01 0.03 ± 0.02

'Average values ±2 standard error of the calculated mean.
'Annual median.
Trovisional data subject to revision.
'Maximum and minimum represent daily averages.
NrU = nephelometric turbidity units.
NA - not applicable.
Source: Jacquish and Bryce 1989
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Location Radionuclide No. of Concentration (pC/L)t
Samples Maximum Minimum Average

Priest Rapids Dam WCo 4 0.014 ± 0.018 -0.012 ± 0.012 0.003 ± 0.012

"Sr 4 0.072 ± 0.006 0.00048 ± 0.0037 0.026 ± 0.031

"'Cs 3 0.0098 ± 0.018 -0.0021 ± 0.011 0.0049 ± 0.0072

'"Cs 4 0.28 ± 0.03 0.24 ± 0.02 0.26 ± 0.02

- 4 0.097 ± 0.15 0.007 ± 0.12 0.063 ± 0.042

2Ub 4 0.79 1 0.38 0.67 ± 0.36 0.73 ± 0.05 ...

'Pu 4 0.00026 ± 0.00017 0.00004 ± 0.00006 0.00015 ± 0.00009 o n

4 0.0028 ± 0.0007 0.0015 ± 0.0003 0.0023 ± 0.006

McNary Dam "Co 4 0.36 ±0.03 0.15 ± 0.03 0.27 ± 0.11

'Sr 4 0.058 ± 0.006 0.036 ± 0.005 0.046 ± 0.009
n o

JuCs 3 0.057 ± 0.021 0.030 ± 0.014 0.044 ± 0.016

"Cs 4 0.79 ± 0.05 0.63 ± 0.04 0.69 ± 0.07 E

nUb 4 0.22 ± 0.14 -0.09 ± 0.16 0.05 ± 0.13

Mub 4 0.89 ± 0.49 0.63 ± 0.31 0.78 ± 0.12 0
00 7

_ _ _PU 4 0.00059 ± 0.00028 0.00020 ± 0.00020 0.00043 ± 0.00018

M Pu 4 0.011 ±0.001 0.009 ± 0.001 0.010 ± 0.001

aMaximum and minimum values ±2 sigma counting error. Average ±2 standard error of the calculated mean.
bUranium-235 and mU by low-energy photon detector (LEPD) method.
Source: DOE 1991c
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Table 1-25. Air Quality Data for Eastern Washington
and the Hanford Site, 1987

1T-25

Nearby Distant
Constituent Near 100 Areas Onsite Site Perimeter Communities Communities

I (general)

Gross beta 0.026 ± 0.003 0.027 ± 0.0012 0.026 ± 0.0013 0.025 ± 0.0016 0.024 ± 0.0016

Gross alpha 0.0009 ± 0.0002 0.0010 ± 0.0001 0.0009 ± 0.0001 0.0009 0.0002 0.0007 ±
0.0001

H-3 1.5 ± 1.1 2.1 0.5 1.9 ± 0.4 1.5 I1.1 2.2 ± 0.8

C-14 - .3 0.1 - 13 ± 0.1

Sr-90 0.00004 0.000061 ± 0.000041 ± 0.000059 ± 0.000054 ±
0.00002 0.000037 0.000017 0.000041 0.000018

1-131 0.001 ± 0.001 0.0002 ± 0.0006 -0.0002 ± 0.0008 0.0005 ± 0.0017 -0.0007 ±
0.0011

Cs-137 0.004 ± 0.002 0.0000 ± 0.0002 0.0002 ± 0.0002 0.0002 ± 0.0002 0.0003 ±
0.0003

=Average values ±2 standard error of the calculated mean.
Negative values result from subtracting out instrumental background.
Source: Jacquish and Mitchell 1988



DOE\RL-92-11
Draft B

Table 1-26. Radionuclide Concentrations in Columbia River Fish
Collected Upstream of the Hanford Site, 1988

1T-26

"Co, pCi/g, Wet Weight' "Sr, pCi/g, Wet Weight "'Cs, pC/g, Wet Weight'

No. of No. of No. of
Samples Maximum Average Sample; Maximum Average Samples Maximum Average

Whitefish 5 0.011 ± 0.005 ± 5 0.003 ± 0.001 ± 5 0.014 ± 0.008 ±
Muscle 0.023 0.006 0.003 0.001 0.021 0.010

Whitefish NS - - 5 0.054 ± 0.031 ± NS - -

Carcass 0.007 0.016

'Maximum values ±2 sigma counting error. Average ±2 standard error of the calculated mean.
NS = No sample.
Source: Jacquish and Bryce 1989
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Table 1-27. Radionuclide Concentrations in Columbia River Fish
Collected Downstream of the Hanford Site, 1988

1T-27

"Co, pCi1g, Wet Weighe "Sr, pCi/g, Wet Weighe '"Cs, pCi/g, Wet Weight'

Tye No. of No. of No. of

Samples Maximum Average Sampies Maximum Average Samples Maximum Average

Whitefish 10 0.035 ± 0.016 ± 10 0.005 * 0.001 ± 10 0.039 ± 0.023 ±

Muscle 0.026 0.012 0.006 0.003 0.022 0.010

Whitefish NS - - 10 0.064± 0.026± NS - -

Carcass 0.005 0.009

-Maximum values ±2 sigma counting error. Average ±2 standard error of the calculated mean.
Notes: Samples collected in 100-D Area vicinity.
NS - No sample.
Source: Jacquish and Bryce 1969
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Table 1-28. Research Data on Radionuclide Contamination Levels
of Aquatic Biota

1T-28

AUTHOR SUBJECT

Jacquish and Bryce (1989) Whitefish muscle and carcasses collected near the
100-D Area.

Cushing et al. (1981) Bass muscle and carcasses, other aquatic organisms
collected just downstream from the 100-H Area in
1971 and 1972.

Annual radiological Data similar to those presented in Jacquish and
surveillance reports of the Bryce (1989) are available for years previous to
Hanford Site 1988.

Watson et al. (1970) An extensive survey of the radionuclide
concentrations in aquatic biota at the 100-F Area (in
1966 and 1967). These data were obtained while the
reactors were still operating and represent
radionuclides collected under those conditions.

Cushing (1979) Concentrations of 22 stable elements in
phytoplankton, caddisfly larvae, and whitefish
muscle. These samples were collected from the
Columbia River downstream of the 100-B/C Area.

Source: DOE 1991c
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Table 1-29. Columbia River Streamflow Characteristics

1T-29

CHARACTERISTIC VALUE

Wetted width through the Hanford 1,000 to 2,600 ft
Reach. (305 to 792 m)

Typical maximum river depths near the 10 to 40 ft
100 AreasA. (3 to 12 m)

River elevation daily variance due to up to 5 ft
water releases from Priest Rapids Dam (up to 2 m)
(ERDA 1975).

River surface velocities through the <3 ft/s to > 11 ft/sb
Hanford Reach (ERDA 1975). (<0.85 m/s to >3.1 m/s)

Summer, fall, and winter typical daily 36,000 to 250,000 ft3/s
flow rates. (1,020 to 7,075 m3/s)

Spring runoff peak flow rates. up to 450,000 ft3/s
(12,700 m3/s)

Recent annual flows at Priest Rapids 100,000 to 120,000 ft3/s
Dam. (2,830 to 3,400 m3/s)

Long-term annual average flow at Priest 120,000 ft/s
Rapids Dam'. (3,400 m3 /s)

a) At normal flow rates.
b) Depending on discharge.
c) Based on 68 years of records (McGavock et al. 1987).
Source: DOE 1991c
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Table 1-30. Endangered and Threatened Species Potentially
Found on the 100 Area

SPECIES NOTES

Endangered Vascular Plants

Persistentsepal Known to have a scattered distribution because of specialized habitat
yellowcress requirements or habitat loss; generally occurs in marshy places; known to
(Rorippa columbiae) inhabit wetter shoreline of Hanford Reach in Benton County

Northern Wormwood Rare, local endemic species near the river; not known from the Hanford Site
(Artemisia cainpertris ssp but reported just to the north near Beverly, Grant County
borealis var workskioldii)

Threatened Vascular Plants

Columbia milk-vetch Locally endemic to area near Priest Rapids Dam; could potentially occur in
(Astragalus colunbianus) Northwest portion of Hanford Site along the Columbia River

Hoover's desert parsley Locally endemic to south-central Washington, including Benton County; known
(Lomatium tuberosun) to inhabit rocky, hillsides

Endangered Birds

American white pelican Flocks have recently become common in the Columbia Basin during all seasons
(Pelecanus foraging on fish, amphibians, and crustaceans, and roosting on islands
erythrorhynchus)

*Peregrine falcon Breeds and winters in eastern Washington, inhabiting open marshes, river
(Falco peregrinus) shorelines, wide meadows, and farmlands; nests on undistrubed cliff faces; an

erratic visitor to the Hanford Site

Sandhill crane Inhabits open prairies, grainfields, shallow lakes, marshes, and ponds; common
(Grus canadensis) migrant during spring and fall in Washington; some known and suspected

I nesting sites in eastern Washington; an occasional visitor at Hanford

Threatened Birds

*Bald eagle Regular winter visitor to the Columbia River, feeding on spawned-out salmon
(Haliaeetus and waterfowl; they roost in the 100 Area and nest (unsuccessfully to date)
leucocephalus) along the Hanford Reach

Ferruginous hawk Inhabits open prairies and sagebrush plains, usually with rocky outcrops or
(Buteo regalis) scattered trees; known to nest in Benton and Franklin Counties including the

Hanford Site; rarely winter in Washington, but are known to occasionally
forage on small mammals, birds, and reptiles on sagebrush plains of the
Hanford Site

Threatened Mammals

Pygmy rabbit Inhabits undistrubed areas of sagebrush with soils soft enough to permit
(Sylvilagus idahoensis) burrows; once known to exist on the Hanford Site west of the 200 Area plateau

Source: DOE 1990a-f, DOE 1991a-f
* Indicates both state and federal designation

1T-30
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2.0 POTENTIAL CONTAMINANTS OF CONCERN

An essential element of the feasibility study is to determine the contaminants that
must be remediated in the 100 Area. Contaminants of concern were identified in each
of the eleven draft 100 Area OU work plans. However, the approach for determining
contaminants of concern was not consistent among the work plans. Therefore, one
objective of this study was to provide a uniform methodology for the entire 100 Area so
as to arrive at a defensible list of contaminants to be considered in the Phase I/II FS.

Data presented in the source OU work plans included both solid wastes and sdil
wastes. Therefore, for the determination of contaminants of concern, no distinction was
made between these two media.

The results of this study are not intended to provide a final determination of
contaminants of concern; that determination will be made as a result of collecting
additional field data and conducting operable unit baseline risk assessments. Such risk
assessments are not within the scope of this Phase I/Il FS.

The determination of contaminants of concern for the 100 Area was conducted in
two phases. The first phase entailed:

* Identification of radiological and/or chemical substances potentially
released in the 100 Area

* Comparison of concentration data with background concentrations and
established regulatory limits.

The end-product of the first phase is a list which is referred to as "regulatory
contaminants of concern."

The second phase, utilizing the results of the first phase, consisted of a qualitative
toxicity assessment. The purpose of this assessment was to determine which of the
regulatory contaminants of concern were of toxicological significance. The end-product
of the second phase is a list of potential contaminants of concern to be used for
evaluating remedial alternatives. This list is provided in Table 2-1. The details of the
approach used in both phases of the effort are given in Appendix A. The general
methodology is summarized in the subsections below.

2.1 REGULATORY CONTAMINANTS OF CONCERN

The determination of regulatory contaminants of concern was based upon five key
elements:

2-1



DOE\RL-92-11
Draft B

* Data showing that a chemical or radionuclide was used or generated within
an operable unit and subsequently was released or potentially released to
the environment

* Regulatory status of radionuclides or chemicals and their constituents

0 Sample concentration data

* Background concentration data

* Comparison of sample concentration data with background and regulatory
limits.

Decision logic diagrams were developed to determine the regulatory contaminants
of concern. Figures 1 and 2 of Appendix A provide the decision logic diagrams for
nonradiological, chemical substances and radiological substances, respectively. Inputs
used in the decision diagrams include:

0 Chemical and radiological substances used and/or released
* Environmental sampling data
* Regulatory limits and background concentrations
0 Inventory and disposal records.

The decision logic diagrams were also used to determine suspect contaminants.
Suspect contaminants are contaminants that have been detected in environmental
samples in the 100 Area at concentration levels below background concentrations or
below regulatory limits. The suspect contaminant list identifies those contaminants for
which subsequent data collection can confirm whether or not the contaminants are
present in concentrations below regulatory concern. When subsequent data become
available, the suspect contaminants would be re-evaluated.

Table 1 of Appendix A provides a list of the regulatory contaminants of concern
and suspect contaminants. The contaminants are differentiated on the basis of
groundwater versus source (e.g., soil) operable unit contaminants. 100-N Area
contaminants are identified separately. Non-radiological (chemical) contaminants are
identified separately from radiological contaminants.

Nonradiological contaminants are further categorized as:

* Metals;
* Nonmetallic inorganic ions and compounds;
* Volatile organic compounds; and
* Other organic compounds.

2-2
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2.2 QUALITATIVE TOXICITY ASSESSMENT

The qualitative toxicity assessment further refined the contaminant of concern
determination by evaluating the toxicological significance of each regulatory contaminant
of concern. The toxicity assessment was based upon five key elements:

0 Review of supplemental Region X EPA guidance (EPA Region X 1991)
which eliminates certain metallic contaminants based upon previous
determinations of low or negligible toxicity

* Determination of the carcinogenicity of each contaminant

* Determination of reference doses for each non-carcinogen

* Calculation of a hazard quotient for non-carcinogens based on an ingestion
exposure route

* Assessment of calculation results based upon EPA guidance on
contaminant screening.

The key assumptions and limitations regarding the qualitative toxicity assessment
are listed as follows:

* The assessment only considered risk-based factors; compliance with
ARARs was not considered.

* Only regulatory contaminants of concern were assessed in the qualitative
toxicity assessment; suspect contaminants were not assessed.

0 Contaminants dropped as a result of the toxicity assessment are placed on
the suspect list.

* Assumptions on carcinogenicity:

- .All radionuclides were assumed to be carcinogenic
Carcinogens are defined by the Health Effects Assessment Summary
Tables (HEAST) (EPA 1991) and from the Integrated Risk
Information System (IRIS) on-line database. The following are
descriptions of the groups of carcinogens as provided in HEAST,
Table B, or by IRIS as a Group A, Bi, or B2 carcinogen

- Petroleum products are assumed to be carcinogenic because of
benzene

- All carcinogens are assumed to be of toxicological significance and
thus are potential contaminants of concern.

* Assumptions for toxicity screening hazard quotient calculation
(noncarcinogens):

2-3
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- The ingestion exposure route was assumed for all calculations
(Equations 9 and 15 in EPA guidance).

- A hazard quotient of 0.1 was assumed for screening as
recommended by EPA guidance.

- The equations utilized combine ingestion by both children and
adults.

- Individual hazard quotients were calculated for each contaminant;
cumulative effects were not considered.

- If an oral reference dose has not been established then the
contaminant was placed on the suspect contaminants list.

- For noncarcinogens with an established oral reference dose: if no
sampling data are available then the contaminant was assumed to be
a potential contaminant of concern as the hazard quotient could not
be computed.

2.3 POTENTIAL CONTAMINANTS OF CONCERN AND SUSPECT CONTAMINANTS

The final list of potential contaminants of concern represents a composite of those
that are both of regulatory and of toxicological significance. The final listing is given in
Table 2-1 below. This list is generated for the purpose of assembling possible remedial
alternatives. That is, the contaminants identified are those which are most likely to
require remediation if subsequent field sampling programs and risk assessments show
their concentrations in the environment to result in unacceptable risk and/or are not in
compliance with ARARs. The list provided here should not be construed as
representing any final determination or basis for decision-making regarding selection of
final remedies.

2-4
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Table 2-1. Potential Contaminants of
(page 1

Concern and Suspect Contaminants
of 4)

Environmental Medium

Potential Sources Groundwater N Area

Contaminant (e.g., soils)

RADIONUCLIDES

Tritium C C C

Carbon-14 C C

Calcium-41 -C C

Cobalt-60 C C C

Nickel-63 C C

Selenium-79 C C

Kryptan-85 C C

Strontium-90 C C C

Zirconium-93 C C

Niobium-94 C C

Technetium-99 C S C

Palladium-107 C C

Cadmium-113 C C

Antimony-125 S C

Iodine-129 C C C

Cesium-134 C C

Cesium-137 C S C

Samarium-151 C C

Europium-152 C C

Europium-154 C S

Radium-226/228 C

Uranium-235/238 C C

Plutonium-238. C C C

Plutonium-239/240 C C C

Plutonium-241 C C

Americium-241 C C

2T-la
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Table 2-1. Potential Contaminants of Concern and Suspect Contaminants
(page 2 of 4)

Environmental Medium

Potential Sources Groundwater N Area

Contaminant (e.g., soils)

METALS

Aluminum S S

Arsenic S C C

Barium S C C

Beryllium S C C

Boron C S

Cadmium S C C

Chromium S C C

Cobalt S

Copper S S

Iron S

Lead C C C

Manganese C C C

Mercury S C

Nickel S S S

Sodium S S

Vanadium C S C

Zinc S S S

OTHER INORGANIC COMPOUNDS/IONS

Ammonium/Ammonia C S

Asbestos C C

Chloride S S

Chlorine C

Cyanide C C C

Fluoride C C C

Hydrochloric Acid S

Nitrate C C C

2T-1b
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Table 2-1. Potential Contaminants of
(page 3

Concern and Suspect Contaminants
of 4)

Environmental Medium

Potential Sources Groundwater N Area
Contaminant (e.g., soils)

Nitrite C C

Phosphoric Acid C

Sulfate S S S

VOCs

Acetone C S S

Benzene C

Chlorobenzene C

Chloroform S C C

Ethylbenzene C

Methylene Chloride S C

Methyl Isobutyl Ketone C

Perchloro-ethylene C C C

Toluene S

Trans -1,2-Dichloroethene C

1,1,1-Trichloro-ethane. S S

Trichloroethene S C

Xylenes C

OTHER ORGANICS

Acetic Acid C C

Bis (2-ethylhexyl) phthalate C

Ethylenediamine C C

Ethylenediamine tetraacetic acid (EDTA) S S

Formic Acid C C

Hydrazine C C C

2T-lc
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Table 2-1. Potential Contaminants of Concern and Suspect Contaminants
(page 4 of 4)

Environmental Medium

Potential Sources Groundwater N Area
Contaminant (e.g., soils)

PCBs C C C

Petroleum Products/Diesel oil C C

Tetraethylpyro-phosphate S

Tetrahydrofuran S

Thiourea C C C

Note: Refer to Appendix A for detection limits, background concentrations, and contaminant
concentrations.

2T-1d
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3.0 POTENTIAL APPLICABLE OR RELEVANT AND
APPROPRIATE REQUIREMENTS

Section 121(d) of the Comprehensive Environmental Response, Compensation,
and Liability Act of 1980, as amended, requires that remedial actions at National
Priorities List sites comply with federal and state environmental laws and regulations.
This requirement is reiterated in Subpart E of the National Oil and Hazardous
Substances Pollution Contingency Plan (40 CFR Part 300), which establishes when and
by whom the applicable or relevant and appropriate requirements (ARARs) must be
identified.

Potential ARARs are those substantive, promulgated federal and state
environmental requirements that are pertinent to a remedial action. ARARs may
specifically address a hazardous substance, pollutant, contaminant, remedial action,
location, or other circumstance at the site; or they may be otherwise relevant and
appropriate by addressing problems or situations sufficiently similar to those encountered
at the site. State requirements must be more stringent than federal requirements to be
considered ARARs.

In addition to ARARs, to-be-considered information (TBC) is also important to
remedial planning, and TBCs are included in the evaluation of ARARs. TBCs are
nonpromulgated criteria, advisories, guidance, and proposed standards that are not
legally binding but may provide useful information or recommended procedures. TBCs
may be used in the absence of ARARs or where ARARs are not sufficiently protective
for developing cleanup goals. TBCs identified for the 100 Area include U.S. Department
of Energy (DOE) Orders and county requirements.

The EPA may waive ARARs and instead concur with a selected remedial
alternative that does not attain a level or standard of control at least equivalent to a
legally applicable or relevant and appropriate standard, requirement, criteria, or
limitation. Section 121 of Superfund Amendment Reauthorization Act identifies six
circumstances under which ARARs may be waived:

0 The action selected is only part of a total remedial action that will attain
such level or standard of control when completed.

0 Compliance with such requirement at that facility will result in greater risk
to human health and the environment than alternative options,

* Compliance is technically impracticable from an engineering perspective.

0 The action selected will result in a standard of performance that is
equivalent to an applicable requirement through the use of another method
or approach.
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* A state requirement has not been consistently applied in similar
circumstances on other remedial actions within the state.

* A fund-financed remedial action does not provide a balance between
available Superfund monies and the need for protection of the public
health and environment at the sites where the need is more immediate.

This 100 Area Phase I/lI feasibility study evaluates the known characteristics of
the Hanford 100 Area and identifies the range of remedial alternatives that are most
appropriate for protection of human health and the environment for the entire area.
Consequently, the ARARs and TBCs identified in the tables in Appendix B encompass a

broad range of potentially pertinent requirements. It is anticipated that the range of
alternatives identified in Section 5.0 of this report will be subjected to detailed analysis
in subsequent focused feasibility studies, at which time these ARARs can be culled to

provide requirements that are specific to each operable unit.

3.1 IDENTIFICATION OF ARARS AND TBCS

Potential ARARs and TBCs for the 100 Area are presented in Appendix B.
These tables are first divided by the three categories of ARARs: chemical-, action-,
location-specific. These three categories of ARARs are defined in the U.S.
Environmental Protection Agency document titled CERCLA Compliance with Other Laws
Manual (EPA 1988c) as follows:

Chemical-specific ARARs are usually health- or risk-based numerical values or
methodologies which, when applied to site-specific conditions, result in the establishment

of numerical values. These values establish the acceptable amount or concentration of a

chemical that may be found in, or discharged to, the ambient environment.

Action-specific ARARs are usually technology- or activity-based requirements or
limitations on actions taken with respect to hazardous wastes. These requirements are
triggered by the particular remedial activities that are selected to accomplish a remedy.

Location-specific ARARs are restrictions placed on the concentration of
hazardous substances or the conduct of activities solely because they are in specific
locations. The categorization of the regulations as chemical-, action-, or location-specific
is preliminary. Refinements to these ARARs will be made in the focused feasibility
study when all LFI data are available and when the specific alternative is proposed.

The categorization of the ARARs as chemical-, action-, or location-specific are

preliminary. Refinements to these ARARs will be made in the focused feasibility study

when all LFI data are available and when the specific alternatives are proposed.

The ARARs tables are divided as follows:
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* Tables 1A through 1C - Chemical-specific ARARs and TBCs
- Table IA - Federal ARARs
- Table 1B - State ARARs
- Table 1C - TBCs (federal, state, and local)

* Tables 2A and 2B - Chemical-specific water quality requirements
- Table 2A - Radionuclides
- Table 2B - Nonradionuclides

* Tables 3A through 3C - Action-specific ARARs and TBCs
- Table 3A - Federal ARARs
- Table 3B - State ARARs
- Table 3C - TBCs (federal, state, and local)

* Tables 4A through 4C - Location-specific ARARs and TBCs
- Table 4A - Federal ARARs
- Table 4B - State ARARs
- Table 4C - TBCs (federal, state, and local).

The state hazardous waste management regulations promulgated under the
Hazardous Waste Management Act closely mirror the federal regulations promulgated
pursuant to RCRA. The State of Washington has been authorized to administer the
federal RCRA program. Consequently, the majority of hazardous waste management
regulations are provided as federal regulations in Tables 1A, 3A, and 4A. Where state
regulations are equivalent to the RCRA regulations, the state citation is shown in
brackets below RCRA citations. Where state hazardous waste management regulations
are more stringent than RCRA regulations, the requirements are provided in Tables lB
and 3B as state ARARs.

3.1.1 Potential Chemical-Specific Requirements

Potential chemical-specific ARARs and TBCs were taken from various federal,
state, and local laws and regulations and applied to the list of contaminants of concern
presented in Section 2.0 of this report. The list of potential chemical-specific ARARs
are:

0 Maximum contaminant levels (MCL) established pursuant to the federal
Safe Drinking Water Act

* Water quality criteria established under the federal Clean Water Act

* Groundwater limitations from the State of Washington Ground Water
Quality Standards

* Control, cleanup, and management standards of the Uranium Mill Tailings
Radiation Control Act (UMTRA)
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* Soil and groundwater limits of the state Model Toxics Control Act
(MTCA) Regulations

0 Radiation Protection Standards of the Nuclear Regulatory Commission
(NRC)

* Air emission standards under the federal Clean Air Act (CAA)

* Toxic Substance Control Act (TSCA)

0 Resource Conservation and Recovery Act (RCRA).

Chemical-specific TBCs (Table 1C) include:

* DOE Order 5400.5 (Radiation Protection of the Public and the
Environment)

* County air pollution control regulations
* Proposed MTCA regulations.

Normally, secondary drinking water standards and maximum contaminant level
goals (MCLG) promulgated under the federal Safe Drinking Water Act are not
considered ARARs. However, the state MTCA regulations require secondary drinking
water standards and MCLGs for noncarcinogens be incorporated as cleanup standards.
These requirements are treated in Table 1B as state chemical-specific ARARs and are
also tabulated on Table 2B (Criteria and Limits for Nonradionuclides).

3.1.2 Potential Action-Specific Requirements

Potential action-specific ARARs and TBCs constitute a large portion of the
identified requirements, due in part to the broad spectrum of remedial alternatives under
consideration for the 100 Area in the Phase I/iI FS. At this point in the remedial
planning process, remedial alternatives have been identified that are applicable to the
100 Area as a whole. Further, the broad range of contaminants of concern for the 100
Area (Section 2.0) make it necessary to consider multiple remedial technologies.
Consequently, numerous action-specific ARARs are potentially applicable at this point
but may be culled out later as more focused feasibility studies are performed for IRM
and OU remedy selection.

The potential action-specific ARARs found in Table 3A include federal
requirements under the:

* CAA
* RCRA
* Clean Water Act
* Other federal statutes.
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Potential State of Washington action-specific ARARs are provided in Table 3B

and include state requirements under:

0 The Hazardous Waste Management Act
0 The Water Pollution Control Act
0 MTCA
0 State air pollution regulations
* Other requirements promulgated under state law.

Potential action-specific TBCs provided in Table 3C include:

* DOE Orders
* County regulations.

3.1.3 Potential Location-Specific Requirements

Potential location-specific ARARs provided in Table 4A include the provisions of:

0 The federal Clean Water Act
* The federal Endangered Species Act
* RCRA
* Other federal statutes.

The list of potential state location-specific ARARs is minimal and includes
regulations under:

* The Shoreline Management Act
* The Bald Eagle Protection Rules
* Requirements for protecting endangered, threatened, or sensitive wildlife

species.

Potential location-specific TBCs provided in Table 4C include:

* Floodplains/wetlands environmental review
* Executive orders.
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4.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES AND
PROCESS OPTIONS

4.1 INTRODUCTION

This section discusses the development and screening of technologies and process

options used to assemble the remedial action alternatives. The process used to develop
and screen alternatives is described in Guidance for Conducting Remedial Investigations
and Feasibility Studies Under CERCLA (EPA 1988a). The steps include:

* Developing contaminant-specific and medium-specific remedial action
objectives (RAOs)

* Developing medium-specific general response actions (GRAs)

* Identifying volumes or areas of media to which the general response
actions might be applied

* Identifying and screening the technologies applicable to each general
response action

* Identifying and evaluating process options for selected technology types
retained for consideration

* Assembling selected technologies into alternatives incorporating a range of
treatment and containment combinations.

RAOs are the more general description of the objectives the remedial action will
accomplish. Remediation goals are a subset of remedial action objectives and consist of

medium-specific or operable unit-specific chemical concentrations that are protective of

human health and the environment and serve as goals for the remedial action (55 FR
8666 et seq.). For the 100 Area, preliminary RAOs were considered for two land use

options (1) general or residential use; and (2) industrial use. The general use option
requires restoration of the site such that people living on the land would not be
subjected to unacceptable risk, while the industrial use option requires site remediation
to such a degree that those employed in the area would not be adversely affected by site
contamination. However, since land use has not been determined for the 100 Area,
development of RAOs focused on the general or residential use option. This is

conservative, since this option is the most restrictive land use scenario, in accordance
with the National Contingency Plan (NCP). Consideration of general/residential use
covers all less restrictive options (e.g., industrial and recreational). In addition, the
objective of the remedial action is to prevent receptor exposure, and the means of
achieving this objective is through the general response actions (GRAs). Consequently,
RAOs for different land use options are essentially the same, although the GRAs
employed may be different.
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GRAs are those actions that, either singly or in combination, will satisfy the
remedial action objectives. GRAs are medium-specific and may include institutional
controls, containment, treatment, and/or disposal. GRAs are similar among all the

media of interest in the 100 Area and thus, a single set has been specified as applicable
to all media.

The identification and screening of technologies consider the universe of
technology types that are potentially applicable to the identified GRAs. Technologies
include general categories such as chemical treatment, thermal treatment,
stabilization/solidification, or capping. Within each technology category are process
options. Examples of process options within the chemical treatment technology category
include precipitation, ion exchange, and oxidation/reduction.

Technology process options are initially screened in the Phase I FS to eliminate
those that are not technically implementable for the site conditions or contaminants
encountered in the 100 Area. A second screening step then focuses on effectiveness and
cost but also considers broader issues of implementability, such as administrative aspects.
Effectiveness screening includes aspects such as ability to handle the estimated volumes
of material, reliability, accomplishment of remediation goals, potential short-term and
long-term impacts to human health and the environment during implementation, and
reduction of contaminant toxicity, mobility, and volume. At this stage of screening, only
qualitative assessments of cost are made, i.e., options are ranked relative to each other
with respect to cost as being low, moderate, or high. Completion of this step concludes
the Phase I FS.

In the Phase H FS, the list of technologies and process options which passed the
Phase I screening steps is used to assemble alternatives representing the range of GRAs.
The objectives of the alternatives development step is to limit the number of alternatives
that must undergo detailed analysis while still preserving the range of GRAs and
technologies to be considered. The methodology and results of the Phase II alternatives
development and screening process are given in Section 5.0.

The following sections provide more in-depth discussion of the process for
identifying and screening technologies and process options.

4.2 REMEDIAL ACTION OBJECTIVES

RAOs are critical to evaluating the ability of a specific remedial alternative to
achieve an acceptable risk level. RAOs provide the basis for developing GRAs that will
satisfy the objectives of protecting human health and the environment. The RAOs are
defined as specifically as possible, without limiting the range of GRAs that can be
applied.

RAOs must address the contaminants of concern, the media of interest, potential
exposure pathway(s) and receptor(s), and acceptable contamination levels (or range of

levels) for each pathway. RAOs must identify preliminary remedial goals that permit
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development of a range of treatment and containment alternatives. RAOs specified for
protecting human receptors express both a contaminant level and an exposure route
because protection can be achieved by reducing exposure (e.g., capping or providing
alternate water supplies) in addition to reducing contamination. RAOs specified for
protecting the environment are expressed in terms of the medium of interest and target
cleanup levels, since the intent of the remedial action is to preserve or restore the
resource (medium) of interest (EPA 1988a).

Final RAOs are determined on the basis of the results of a baseline risk
assessment. Since the baseline risk assessment has not yet been performed for the 100
Area, these RAOs are to be considered preliminary until the risk assessment information
is available. The preliminary RAOs developed here are based on state and federal
standards, toxicity factors of the contaminants of concern, and criteria developed in
Hanford Past Practice Site Cleanup and Restoration Conceptual Study (W HC 1991c).

4.2.1 Affected Media

The media of interest for the RAOs includes soils, groundwater, riverbank
sediments, solid waste (including buried solid waste and solid wastes generated during
site remediation activities). The 100-N Area is distinguished as a medium for purposes
of the FS, in accordance with the TPA 1991 Change Package (Ecology et al. 1991).
However, it is recognized that all media specified above are also present in the 100-N
Area. Although specific contaminants and/or concentrations may differ for the 100-N
Area relative to the other areas due to the nature and time frame of operations
conducted at 100-N, the contaminated media of the 100-N Area are similar to those of
all other 100 Area sites; therefore, remedial alternatives development will only consider
the general media of soil and riverbank sediments, solid waste, and groundwater.
Potential impacts from volatilization of VOCs or emissions of particulates are expected
to be low. These impacts will be addressed as part of the remedial design of the
preferred alternative for a site or OU and are therefore not included in this FS.

4.2.1.1 Contaminants of Concern. Potential contaminants of concern for the 100 Area
have been identified and are listed in Section 2.0, Table 2-1. These are specified
separately for groundwater, source areas other than 100-N (e.g., soils, riverbank
sediments, and solid waste), and the 100-N Area (including sources and groundwater).
Suspect contaminants of concern are also listed. Suspect contaminants are those
resulting from substances potentially released which were either: (1) detected in
quantifiable amounts below natural background or regulatory limits, or (2) were detected
in significant concentrations but are not of toxicological significance.

4.2.1.2 Exposure Pathways and Receptors. Consideration of exposure pathways and
receptors is necessary for developing RAOs. The pathways and receptors are typically
identified in the baseline risk assessment. Since a baseline risk assessment has not yet
been performed for the 100 Area, assumptions must be made concerning exposure
pathways and receptors. Exposure pathways and potential receptors for contamination
from the media of interest are presented in Table 4-1.
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Exposure pathways are the courses a contaminant can take in migrating from the
source to the receptor. Receptors include both human and environmental receptors
which have the potential for exposure to released contaminants. A complete exposure
pathway must have the following elements:

0 Contaminant Source
0 Release Mechanism
* Transport Mechanism
* Exposure Route
0 Receptor.

The sources of contaminants in the 100 Area consist of reactor cooling water
effluent treatment, transfer, and disposal systems; sanitary sewage treatment, transfer,
and disposal systems; solid waste burial grounds (including decommissioned facility sites);
irradiated fuel handling areas; miscellaneous unplanned release areas; chemical storage
areas; maintenance and decontamination areas; and laboratory/experimental areas.

The primary release mechanisms in the 100 Area consist of intentional and
unintentional infiltration of wastes into soils and the Columbia River. The most
significant contributions are the result of reactor coolant effluents, fuel fabrication wastes
(183-H), and sanitary sewage wastes. Secondary release mechanisms include
contaminant infiltration into groundwater and fugitive emissions from contaminated soils.

Transport media are primarily groundwater, the Columbia River, and wind (air
currents). Groundwater carries dissolved contaminants from source areas. The
predominant direction of groundwater flow beneath the 100 Area is toward the
Columbia River, which also serves as a transport medium. Wind can create airborne
contamination, as well as transport contaminants in the form of fugitive dust emissions.

The Hanford Site Baseline Risk Assessment Methodology (HSBRAM) (DOE/RL
1991c) identifies four routes through which a human receptor may be exposed to
contamination through the various media identified for the Hanford Site:

* Dermal exposure
* Inhalation
* Ingestion
* External radionuclide exposure.

The following primary exposure pathways contribute significantly to the overall
risks to receptors:

* Direct ingestion of soil
* Inhalation of fugitive dust
* Ingestion of surface water or groundwater
0 Dermal exposure to soil contaminants
* External exposure to radionuclides present in the soil
* Biota pathways (for recreational, residential, and agricultural scenarios).
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Secondary exposure pathways contribute less to the overall risks to receptors and
may include:

* Ingestion of sediments

0 Inhalation of volatile organic compounds from surface water or
groundwater

* Dermal exposure to contaminated sediments

* Dermal exposure to contaminated water.

As stated in the HSBRAM (DOE-RL 1991c), exposure pathways not
recommended for quantitative evaluation include the ingestion of contaminated particles
or volatiles secondary to inhalation, and dermal exposure to airborne contaminants.
Ingestion of contaminants is adequately evaluated by the soil ingestion pathway.

Exposure pathways for radionuclides can be ranked by considering the type of
radiation (i.e., alpha, beta, gamma) (DOE/RL 1991c). Ingestion or inhalation of
radionuclides are considered primary exposure pathways due to the risk of cancer
associated with exposure to ionizing radiation. Dermal exposure to radiologically
contaminated water might also be a primary exposure pathway. However, dermal
exposure to alpha and beta emitters would probably not be considered primary exposure
pathways, while dermal exposure to gamma emitters is generally a primary exposure
pathway.

Risks to environmental receptors (other than human) are also incurred when a

completed pathway exists. The elements of the pathway are the same as for human
receptors, but in assessing the risk to environmental receptors, a different method is

used. First, the contaminants of potential concern may be different for environmental
receptors. The evaluation focuses on exposure assessment and toxicity assessment, with
particular emphasis on habitats and species of potential concern. An environmental
evaluation may also take into account indirect adverse effects, such as contamination of
an element of the food chain for some predator.

The identification of exposure routes must also take into consideration
contaminant characteristics, such as:

* Persistence
* Mobility
* Tendency to bioaccumulate.

Although a contaminant may have been released and a transport mechanism may
exist, an adverse impact may or may not occur. For instance, nitrate is not always
persistent in groundwater, as it may be converted to nitrous oxide and/or nitrogen and

oxygen by denitrifying bacteria. Therefore, a release of nitrate may not necessarily cause
a toxic effect to a receptor, depending on the location and/or time period of exposure.
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The half-life of radionuclides is another instance when environmental persistence should
be considered when assessing exposures.

The mobility of a contaminant will influence the probability of completing the
exposure pathway. For example, many ionic metal species are adsorbed on soil particle
surfaces or form insoluble precipitates. Therefore, the environmental mobility of metals
is typically retarded and, depending on the location of the receptors, a complete
exposure pathway may not exist.

The tendency for a contaminant to bioaccumulate is a similar consideration. For
those contaminants with a lower bioaccumulation tendency, exposure will also be
reduced.

RAOs specify requirements for interrupting the exposure pathway at some point
between the source and the receptor. This can be accomplished by eliminating one or
more of the essential elements of each exposure pathway. The most conservative
measure, which best ensures long-term safety, is to eliminate the source (e.g., remove the
contamination). However, less conservative measures can be equally effective in
protecting human health and the environment by simply removing receptors from the
pathway, or by eliminating other elements from the exposure pathway. An intermediate
measure might involve isolation of the source from transport mechanisms.

4.2.2 Point of Compliance

The point of compliance is the geographical location at which RAOs must be
achieved. For most hazardous waste sites, the point of compliance is the nearest
identified receptor location for each exposure pathway. Exposure pathways are typically
identifie d as part of the baseline risk assessment but have been assumed for this study as
shown in Table 4-1. The assumed point of compliance for radioactive species is the
point where a member of the public would have unrestricted access to live and conduct
business, and, consequently, to be maximally exposed. The point of compliance for the
100 Area wastes sites will be set in the record of decision (ROD) in accordance with
applicable laws and regulations.

4.2.3 Remedial Action Goals

Remedial action goals are the target cleanup levels which satisfy RAOs, and as
such, are considered a subset of RAOs. These cleanup levels are driven by the results of
risk assessment evaluations and/or ARARs. In lieu of site-specific investigation and risk
assessment data, assumptions have been made to develop the RAOs and associated
remedial action goals for the purpose of this FS. While the use of assumptions instead
of site-specific data results in a greater level of uncertainty, preliminary RAOs and
remedial action goals can still be developed to a degree adequate for the Phase I/II
alternatives development. However, site-specific data and definitive risk assessments will
be necessary for future detailed analysis of alternatives.
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For purposes of this Phase I/II FS, the preliminary remedial action goals are
based primarily on state and federal regulatory limits (potential ARARs) along with
selected assumptions regarding cleanup levels as developed in the Hanford Past Practice
Site Cleanup and Restoration Conceptual Study (WHC 1991c).

As stated in the preamble to the NCP (55 FR 8666 et seq.), chemical-specific
ARARs are to be used to the degree possible to determine remediation goals. Where
ARARs do not exist for a contaminant, risk-based cleanup goals will be developed,
based upon risk assessment. Such risk assessment is beyond the scope of this Phase I/II
FS. Chemical-specific ARARs and TBCs are presented in Tables 1A, 1B, 1C, and 2A,
Appendix B. These potential ARARs were used in development of the RAOs given in
Table 4-2 and until risk assessment work is completed, are assumed to form the basis for
developing remedial action goals. Note also that remedial action goals need only be
developed for the potential contaminants of concern given in Section 2.0.

Other criteria used in the development of the goals include:

* Carcinogens - doses posing cancer risk levels no greater than 1.0 x 104 to
1.0 x 10' (soils and groundwater) (40 CFR 300)

* Non-Carcinogens - the potential for non-carcinogenic effects was evaluated
by comparing an exposure level (E) over a specified time period (i.e.,
lifetime) with a reference dose (RfD), such that the ratio of E/RfD
(hazard quotient) is less than one (EPA 1989c)

* Radionuclides - doses or exposures not exceeding 100 mrem/year for soils,
4 mrem/year for groundwater, and doses for air emissions not to exceed 10
mrem/year for all radionuclides, with the exception of Radium-222 (DOE
Order 5400.5).

Toxicity-based factors include reference doses (RfDs) and cancer slope factors
(CSFs). The RfD is an estimate of the daily exposure to the human population that is
not likely to cause an appreciable risk of a deleterious effect over a lifetime. The CSF is
the upper 95% confidence level of the slope of the dose-response curve. Reference
doses and CSFs are utilized to compute a concentration level consistent with
preservation of human health. State or federal ARARs define MCLs for human health
considerations. Where ARARs exist, they are assumed to be adequately protective of
human health and are therefore used, for FS purposes, as cleanup levels (remedial action
goals). In addition to protection of human health (WHC 1991c) it is assumed that
contaminated groundwater beneath the Hanford Site must not cause constituent
concentrations in the Columbia River to exceed chronic aquatic toxicity levels if the
present ecology of the river is to be maintained.

In considering land use, Superfund exposure assessments most often classify land
use as either residential, commercial/industrial, or recreational (55 FR 8666 et seq.).
EPA also considers the ecological use of the property and as appropriate, the
agricultural use. The HSBRAM (DOE/RL 1991c) poses four scenarios for exposure
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assessment: residential, commercial/industrial, recreational, and agricultural. For the
purpose of developing cleanup goals for assessing remedial alternatives, this 100 Area FS
considers only residential (also called general use) and commercial/industrial land uses.
Cleanup goals for residential use would satisfy objectives for both recreational and
agricultural uses since risk assessment criteria are most stringent for the residential
scenario. This is consistent with the NCP principle (see 55 FR 8666 et seq.) that, while
assumption of residential land use is not-a requirement of the program, the assumption
may be made based on conservative but realistic exposures to ensure that remedies will
be protective. Where the likely future land use is unclear, risks assuming residential land
use can be compared to risks associated with other land uses, such as industrial. This is
also consistent with the MTCA cleanup regulations which provide cleanup standards for
both residential and industrial land uses.

4.3 GENERAL RESPONSE ACTIONS

The GRAs identified for the RAOs for each media address the exposure pathways
and receptors identified in Table 4-1. Application of the GRAs presented in Table 4-2 is
intended to prevent direct contact with the contamination and/or reduce or eliminate
contaminant-specific contributions of the different media for protection of human health
and the environment.

4.4 VOLUMES OR AREAS OF MEDIA OF INTEREST

The identification of areas or volumes of media affected includes a consideration
of acceptable exposure levels, potential exposure routes, site characteristics, and the
nature and extent of contamination. To arrive at a reasonable estimate of the area or
volume of media affected, certain assumptions have been made. These are listed as
follows:

* The in situ volume of affected groundwater was calculated using the pore
volume of the aquifer extending from the unconfined water table down to
the top of the Middle Ringold Formation. A 20% porosity was assumed in
the calculations. The in situ volume calculations also were based on the
lateral extent of the nitrate and tritium plumes as these were considered to
be highly mobile contaminants. Specific details of the calculations are
found in Appendix D.

* Riverbank sediments include all those vadose zone soils between the low
and high water elevations of the Columbia River inland to the location
where the difference between the high water and low water elevations is
minimal. This varies from approximately 48 feet to 180 feet from the river.
The riverbank sediments thus represent vadose soils near the river which
have been contaminated as a result of fluctuation in the levels of
contaminated groundwater (groundwater fluctuations caused by fluctuations
in river stage). Calculation details are given in Appendix D.
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* Aerial dispersion of reactor stack emissions was uniformly distributed
throughout the 100 Area.

* The gross volume estimates for soils and solid wastes were taken directly
from Figure 7-1 of 100 Area Hanford Past Practice Site Cleanup and
Restoration Conceptual Study (WHC 1991e).

* All radioactive or radioactive mixed waste removed from contaminated
solid media is considered low-level waste. However, for purposes of this
study, radioactive waste is distinguished by levels of radioactivity as follows:

- Low activity waste is defined as non-transuranic (TRU) waste, i.e.,
less than 100 nCi/g total TRU, and which emits beta/gamma
radiation at any point resulting in a dose rate less than 200
mrem/hr. This is also considered "contact-handled" waste in
accordance with Westinghouse Hanford Company requirements
(WHC 1988).

- High activity waste is defined as either TRU or non-TRU waste
which emits beta/gamma radiation at any point resulting in a dose
rate greater than 200 mrem/hr. This is also considered "remote-
handled waste" in accordance with Westinghouse Hanford Company
requirements (WHC 1988).

These definitions are consistent with those provided in the 100 Area
Hanford Past Practice Site Cleanup and Restoration Conceptual Study (WHC
1991e).

Preliminary estimates of the volumes of contaminated media are summarized in
Table 4-3.

4.5 IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES AND
PROCESS OPTIONS

The objective of this section of the FS is identify and screen viable technologies
and process options which will then be developed into remedial alternatives. Technology
type is a general term referring to a group of operations with common characteristics or
results. Examples of technologies include chemical treatment,' thermal treatment,
stabilization/ solidification, and capping. A process option is a specific type of operation
within a technology type which has a narrow focus for its application, e.g., precipitation
or chemical oxidation are process options for the chemical treatment technology (EPA
1988a).

Technologies and process options are identified for three media: solid wastes,
groundwater, and soils/riverbank sediments. While the 100-N Area has been set apart
as a separate medium in this FS, analysis of the applicability of technologies and process
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options indicates that there are no unique features of the 100-N Area which would
present technologies or options differing from the three basic media which have been
considered. That is, even though the 100-N Area contains contaminants which may
differ in their concentration levels, the types of contaminants are essentially the same as
for other areas and thus the applicable remedial technologies are the same. It is
possible that differences in site-specific applications of screened alternatives may result
when a detailed analysis is performed, but this is beyond the scope of the current FS
effort.

4.5.1 Identification and Screening of Technologies

Potentially feasible, media-specific technologies and process options are identified
for each of the GRAs by compiling information obtained from EPA documents,
reference program sources, and other relevant technical references. Specific sources of
information included:

& EPA Office of Research and Development

0 EPA Superfund Innovative Technology Evaluation (SITE) program

* Feasibility studies performed for other DOE sites

0 Feasibility studies performed for other government and/or commercial
sites

0 Remedial Action Assessment System (RAAS) database developed by PNL

* Westinghouse Hanford Company (WHC) engineering studies and
evaluations

* Vendors of process systems for site remediation

* Standard engineering texts.

In addition to these sources, interviews and information requests were made to
PNL personnel involved in research and development of innovative technologies.
Innovative technologies were considered to the extent that they have undergone
development on at least a bench scale. The technologies and proZess options considered
are described in Appendix C.

Each of the technologies and process options underwent an initial screening for
technical implementability. This first screening step only considered, based on an
assessment of existing site data on both contaminant types/concentrations and site
characteristics, whether a technology and/or process option can be effectively
implemented at the site. This serves to reduce the initial number of possible
technologies to a smaller and more workable number of options that are applicable or
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appropriate for each medium. Descriptions, given in Appendix C, that form the basis for
screening were prepared to summarize the applicability, and describe factors affecting
effectiveness, implementabilit', and relative cost for each of the process options.

General information regarding the site conditions, contaminant types, and
concentrations was used to support the screening process. In particular, information
about the nature of the contaminants and the subsurface conditions were utilized.

The results of the initial technical implementability screening step are
documented in Sections 4.5.1.1 through 4.5.1.3 for each of the three media considered.
A summary of the results is presented graphically in Figures 4-1, 4-2, and 4-3.

A second screening step was performed on technologies/process options which
considered effectiveness as a primary criterion with implementability (now including
administrative implementability) and cost considered as secondary criteria. Details of
this screening step are given in Section 4.5.2.

4.5.1.1 Initial Screening for Solid Waste. All of the GRAs presented in Section 4.3 are
considered applicable for this medium. Figure 4-1 summarizes the results of the initial
screening of solid waste remedial options. The shaded blocks represent those
technologies and process options which were eliminated at this screening stage and the
remaining technologies represent the pool of options to be further evaluated for
effectiveness, implementability, and relative cost in the second screening step. The
following discussion presents the results of the initial technical implementability
screening (the results are also presented graphically in Figure 4-1):

No Action. The NCP requires retaining a "no action" alternative to serve as a
baseline for evaluating remedial action measures. The NCP (55 FR 8666 et seq., and
EPA 1988a) further requires the assumption that current activities such as institutional
controls, weed control, and monitoring are not maintained; i.e., no action implies a
scenario of "walking away from the site." While such a scenario is unlikely, it does
provide a worst case baseline for evaluation.

Institutional Actions. The institutional actions considered applicable for solid
waste include:

* Access restrictions - Physical barriers, such as fencing, and deed
restrictions, such as covenants restricting the future use of properties.

* Monitoring - Leachate monitoring equipment to continuously monitor
contaminant migration from the waste sources. The leachate monitoring
can be used to monitor the performance of collection or treatment systems
for the groundwater or to provide regulatory compliance monitoring. The
detection of leachate or the progressive decrease of contaminant
concentration would provide a relative indication of collection or treatment
success.
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Containment Actions. The waste containment actions primarily consist of physical
measures to restrict contaminant migration and/or minimize environmental impact. The
technologies evaluated included:

Capping - All cap types are retained at this initial screening stage with the
exception of the vitrified cap. This vitrified cap was eliminated due to
uncertainties associated with installation of a seamless cap using the in situ
vitrification technology.

* Horizontal barriers - Grout injection was retained as being a technically
implementable and potentially applicable process option. Current
technologies are potentially capable of creating a horizontal barrier below
the solid wastes. Cryogenic barriers were eliminated for the following
reasons:

- The barrier requires addition of water, which increases the
potential to mobilize contaminants

- Operating costs would be very high because of the need to
maintain the cryogenic systems over a very long-term.

- The barrier may not work (may not prevent contaminant
migration).

Vitrification was also eliminated as a potential horizontal barrier
because the technology has not been demonstrated for use as a
containment method in the 100 Area.

* Vertical barriers - Slurry walls and grout curtains were judged to be
potentially applicable and were retained. The presence of large boulders
in the soils at the Hanford 100 Area precluded the use of sheet pilings as a
viable vertical cut-off method because of the anticipated difficulty in
driving the piles; therefore, sheet pilings were eliminated.

A vertical cryogenic wall is not applicable for the same reasons as
stated above for the cryogenic horizontal barrier; therefore, this
option was screened out.

The implementability of biological barriers has not been
demonstrated on the potential scale required and also would involve
significant injection of water and nutrients, increasing the potential
for contaminant mobilization; therefore, biological barriers were
eliminated.

* Run-on/run-off control - The process options of diversions/collection,
grading, and revegetation have all been retained as being potentially
applicable.

Removal/Disposal Actions. The removal/disposal actions evaluated include:
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* Excavation and demolition methods for removal and size reduction of
waste components

* On-site and off-site disposal comprised of engineered structures or
facilities.

All of the process options in the removal and on-site/off-site disposal technologies
are considered technically implementable for the given site conditions and were thus
retained.

In Situ Treatment Actions. In situ treatment actions include
stabilization/solidification technologies as follows:

* Grout injection and vibration aided grout injection - These are process
options capable of encapsulating the waste to form a monolithic block
which resists leaching or migration of the waste contaminants to
groundwater.

* Dynamic compaction - A method of reducing volume and the interstitial
pore space to limit groundwater contact with the waste. Dynamic
compaction is also used to control subsidence which is important for long-
term integrity of caps or other surface barriers.

The grout injection methods and dynamic compaction process options were
retained.

* Vitrification - This process option was eliminated at this screening step
because it has not been sufficiently demonstrated for application in a
heterogeneous waste potentially containing sealed containers which are
expected to exist in the 100 Area burial grounds. Development results to
date indicate that application to solid wastes with sealed containers creates
operating problems with the off-gas control system which have not been
resolved.

Removal/Treatment/Disposal Actions. Technology types evaluated in this
category include:

0 Removal
* Thermal treatment
0 Stabilization/solidification
* Physical treatment
* Chemical treatment
* On-site and off-site disposal.

4-13



DOE/RL-92-11
Draft B

All of the process options associated with the technologies for removal/
treatment/disposal actions are considered technically implementable at this screening
stage and have been retained (Figure 4-1).

4.5.1.2 Initial Screening for Groundwater. All of the GRAs presented in Section 4.3 are

considered applicable for groundwater. Figure 4-2 summarizes the results of the initial

screening of groundwater remedial options. The discussion of screening results is

presented as follows:

No Action. A no-action alternative for groundwater is retained as a baseline for

evaluation of other remedial action measures. Refer to Section 4.5.1.1 for a discussion.

Institutional Actions. Institutional control technologies considered applicable for

the groundwater include:

* ' Access restrictions - Water rights restrictions and deed restrictions such as

covenants restricting the future use of the property and access to its
underlying groundwater.

* Monitoring - Use of well systems to continuously monitor the groundwater
quality for regulatory compliance and for monitoring remediation
effectiveness. Well point monitoring was the only process option
eliminated in this initial screening step. Well points were not considered
technically implementable due the coarse nature of the 100 Area soils and
the large cobbles and boulders expected in the subsurface. Well points are
normally driven into the soil formation and cobbles and boulders would
create difficulties in advancement. Also driven wellpoints can not meet
minimum technical requirements (e.g., sealing) of RCRA/CERCLA
monitoring wells.

* Alternate water supplies - Water supplies developed from other suitable
water sources unaffected by the contamination.

Containment Actions. Groundwater containment actions primarily consist of

physical measures to restrict groundwater (barriers prevent recharge) from contacting the
waste sources and providing a pathway for contaminant migration. Several of the
technologies and process options evaluated are similar to those shown for the solid waste
medium and include:

* Horizontal barriers - The cryogenic wall was retained at the initial
screening stage because the threat for contaminant mobilization is not an
issue as was the case for solid waste. Grout injection was retained because
it is an established technology that may have suitability to the 100 Area
soils. Vitrification was eliminated because it has not been developed or
tested as a containment technology.
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* Vertical barriers - Slurry walls and grout curtains were retained as
potentially applicable. Cryogenic walls were retained although their
implementability is uncertain. Sheet pilings and biological barriers were
eliminated from the vertical barrier options for the same reasons given for
solid waste, i.e, rocky soils restrict penetration of the piles and large-scale
injection of nutrients to support a biological barrier was judged to pose a

risk for mobilization of contaminants.

* Hydraulic control - An additional technology unique to the containment
of groundwater. Hydraulic control may involve the use of extraction wells
or trenches to impact the hydraulic gradient at the site in the most
desirable configuration (i.e., to direct flow away from the contaminated
site). Both extraction wells and trenches were retained.

Removal/Disposal Actions. All of the removal and disposal actions considered
for groundwater are identified as being technically implementable. Technologies for
groundwater removal/disposal include:

* Groundwater Extraction Wells - Extraction wells, drains/trenches, aquifer
mining and lixiviant extraction (for inorganic contamination) were
evaluated. All options were retained.

* Wastewater Disposal - Tank storage, pond evaporation, or reinjection into
other suitable underlying aquifers. The technologies for wastewater
disposal are well understood and were thus retained.

In Situ Treatment Actions. The following technologies were considered for in situ

treatment actions:

* Biological Treatment - Enhanced groundwater bioremediation is used to
destroy organic contaminants; biodenitirification is specific to reduction of
nitrates. Spray irrigation is a special application of biodenitrification where
extracted groundwater is sprayed on growing plants for reduction of
nitrates. All may have application in the 100 Area and were thus retained.

* In Situ Physical Treatment - Air stripping and vapor extraction, which both
remove volatile organic compounds (VOC), were retained. Permeable
treatment beds used to remove organics, metals, and radionuclides, and
electro-kinetic separation used to remove ionic constituents, were also
retained.

* In Situ Chemical Treatment - Used to form insoluble precipitates of
inorganic species (in situ chemical precipitation). This option was retained.

Removal/Treatment/Disposal Actions. Technology types included in this category
are:
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* Groundwater Extraction - Extraction wells, drains, and trenches, aquifer
mining, and lixiviant extraction.

* Biological Treatment - Bioreactors, biodenitrification, and biosorption.

* Physical treatment - Ion exchange, evaporation, media filtration,
flocculation, carbon adsorption, air stripping, reverse osmosis,
ultrafiltration, electrodialysis, dissolved air flotation, sedimentation, steam
stripping, freeze crystallization, and supported liquid membrane process
options.

* Chemical treatment - Chemical oxidation, precipitation, tritium treatment,
wet air oxidation, and chemical reduction.

* Surface and subsurface disposal - Deep well injection, reinjection into
aquifer, and crib disposal.

Numerous process options in these technology categories are available for
contaminant removal from groundwater. All of the options were considered potentially
applicable at this stage based upon technical implementability and were thus retained.
Refer to Figure 4-2 and the discussion in Appendix C.

4.5.1.3 Initial Screening for Soils and Riverbank Sediments. All of the GRAs presented
in Section 4.3 are considered applicable for this medium. Figure 4-3 summarizes the
results of the initial screening of the soils and riverbank sediments remedial options.
Shaded boxes in Figure 4-3 represent technologies and process options which have been
eliminated at this screening stage, and the unshaded boxes represent the potential pool
of options to be evaluated for assembly into remedial alternatives. The following
discussion summarizes the technical implementability screening process for the soils and
riverbank sediments medium:

No Action. A no-action alternative, similar to that posed for solid waste and
groundwater, is retained as a baseline for evaluation of other remedial measures. Refer
to Section 4.5.1.1 for additional discussion.

Institutional Actions. The institutional actions considered applicable for soils and
riverbank sediments include the use of access restrictions and monitoring. These options
are the same as presented for the solid waste medium. All process options were
retained at this stage of the screening.

Containment Actions. These actions consist primarily of physical measures to
restrict mobilization of the contaminated soils and riverbank sediments. These
technologies and process options are similar to those presented previously for solid waste
and groundwater. Containment technologies provide control of waters that may become
contaminated through contact with soils and riverbank sediments. The technologies for
containment actions include the following:
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Capping - Contains the soils and riverbank sediments or surface structures;
could also be constructed to control and divert surface water flows. All
types of caps are retained at this initial screening stage with the exception
of the vitrified cap. This cap was eliminated due to uncertainties
associated with installation of a seamless cap.

* Horizontal Barriers - Grout injection was retained because it is an
established technology that may have suitability to the 100 Area site
conditions. Vitrification was eliminated because it has not been
demonstrated to the depths required for containment. Cryogenic barriers
were screened out for the same reasons as discussed under solid waste (See
Section 4.5.1.1).

* Vertical Barriers - Slurry walls and grout curtains were retained as being
potentially applicable at the 100 Area. Sheet pilings were eliminated
because of the installation difficulty posed by rocky soils. Cryogenic walls
were screened out for the same reasons as discussed under solid waste (see
Section 4.5.1.1). Large-scale injection of nutrients to support a biological
barrier pose a risk of potential mobilization of contaminants, and thus, the
biological barrier was eliminated.

Removal/Disposal Actions. Removal of contaminated material prevents
migration of contaminants at the site. Excavation was identified as the only process
option for removal of contaminated soils and riverbank sediments. On-site and off-site
disposal options are comprised of engineered structures or facilities and would be
implementable for the given site conditions. All these process options were retained for
further consideration.

In Situ Treatment Actions. In situ treatment actions are comprised of
technologies to stabilize and solidify, or to biologically, chemically, or physically treat the
waste.

* Stabilization/solidification - accomplished by application of process options
that encapsulate loose waste to form a monolithic block. The monolithic
block is not prone to leaching and subsequent migration of contaminants
from the waste. All process options in this category were retained at this
screening stage.

* Biological treatment - primarily limited to removal or destruction of the
organic or nitrate constituents. Land farming was retained for special
applications involving petroleum contaminated soils, such as leaks from
underground fuel storage tanks or other petroleum fuel spills.

* Chemical treatment - soil flushing using chemically reactive reagents may
be used to remove organics and inorganic constituents. This option was
retained as implementable.
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Physical treatment - processes to withdraw or drive the contaminant from
the matrix. The process options include: vapor extraction, steam stripping,
physical soil flushing (non-reactive reagents), RF heating, and electrical soil
heating. All were retained at this stage.

Removal/Treatment/Disposal Actions. Several types of technologies and process
options are represented in this GRA and are similar to those given for the solid waste
medium. These technologies include removal, thermal treatment, stabilization/
solidification, physical treatment, chemical treatment, biological treatment, and on-site
and off-site disposal. The process options representing these technologies are listed in
Figure 4-3 and are described in Appendix C. All of the process options were retained in
this screening step.

4.5.2 Evaluation of Technologies and Selection of Representative Technologies

This section documents the further evaluation and screening of the process
options that were retained in the initial screening step (Section 4.5.1). Only those
options remaining after the initial screening continue through the process for a more
thorough review based on effectiveness, implementability, and relative cost. This second
screening evaluation leads to the selection of representative process options for each type
of technology to be assembled into a group of remedial alternatives for the 100 Area.
The results of the second screening are summarized in Figures 4-4 through 4-6 and are
discussed below.

In the selection of representative technologies, CERCLA guidance (EPA 1988a,
Section 4.2.5) suggests that only one process option be selected to represent a technology
type. This simplifies the subsequent development and evaluation of alternatives without
limiting flexibility during remedial design. That is, while the representative process
provides a basis for developing performance specifications during preliminary design, the
specific process actually used to implement the remedial action may not be selected until
the remedial design phase. In some cases, more than one process option may be
selected for a technology type, if two or more processes are sufficiently different in their
performance that one would not adequately represent the other. The criteria used to
evaluate technologies in the second screening step are described as follows:

Effectiveness Evaluation. This evaluation focuses on the potential effectiveness of
each process option in remediating the volume of waste media and in meeting the RAOs
with regard to protection of human health and the environment. Specific information
considered includes types of contamination and concentration, volume of contaminated
media, and rates of collection/removal of liquids or solids. Each process option was
classified as being either highly effective, moderately effective, limited, or not effective.

Implementability Evaluation. During this screening step, implementability was
not weighted as heavily as the effectiveness of the process option in accordance with
CERCLA guidance (EPA 1988a). The initial screening, described in Section 4.5.1,
considered technical implementability more on a pass-fail basis, whereas this second
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screening rates the relative degree of technical implementability. In addition, in this
second screening, implementability also includes the institutional feasibility (e.g.,
regulatory acceptability, public perception) of implementing the technology or option.
These aspects may include necessary permits or issues such as capacities of treatment,
storage, and disposal facilities. The implementability of options were classified as easy,
moderate, difficult, or not implementable.

Cost Evaluation. In accordance with CERCLA guidance, cost plays a limited role
at this screening stage. The cost analysis is made on the basis of engineering judgement
and each process is evaluated in relation to other process options of the same technology
type. Both capital costs and operating costs are considered. The cost of options were
classified as very high, high, medium, or low in relation to other process options in the
same technology grouping for each medium of concern.

4.5.2.1 Evaluation of Process Options for Solid Waste. Solid waste remedial options
were evaluated based on the criteria defined above. Figure 4-4 summarizes the results
of the second screening step. A more detailed discussion of how each options meets the
criteria is given in Appendix C. Results of the second screening step are discussed
below.

No Action Response for Solid Waste:

No Action. This option may be useful for some sites provided that risk assessment
indicates acceptability of leaving solid wastes in-place with no additional remediation or
monitoring. However, for broad application, administrative implementability is
questionable because of likely resistance to this solution by the public and the regulatory
agencies. The effectiveness of a no action response may not satisfy the RAOs if
contamination is left in-place. The alternative is not eliminated at this stage because This
option is required by the NCP as a baseline and because it may be an appropriate
response for some sites.

Institutional Controls Response for Solid Waste:

Access Restriction Options. Both fencing and deed restrictions were retained at
this screening stage. Their effectiveness, particularly in environmental protection is
limited but they are easily implementable at low cost.

Monitoring Options. Leachate monitoring was eliminated as a potential option
because current solid waste burial grounds cannot be monitored for leach'te without
construction of a leachate collection system beneath the contaminated sites.
Implementation of leachate collection systems necessitates some technique to
concentrate or sample the leachate that may be migrating below a waste source. The
leachate collection system requires either a natural clay barrier or a constructed barrier.
Placement of such a barrier beneath a disposal site is not considered practical without
waste removal. Therefore, this option is screened out.

Containment Response for Solid Waste:
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Capping Options. Capping involves the installation of a barrier over the surface

of the contaminated area to control erosion and to prevent the generation of leachate

caused by surface water infiltration. The asphalt and concrete capping options were

eliminated at this stage based on the need for extensive long-term maintenance to ensure

the integrity of the cap. Without such maintenance, the effectiveness of these caps
would be reduced considerably in a relatively short time due to surface degradation.

The synthetic cover was also eliminated. The expected design life of this option is

uncertain and was judged as having limited effectiveness at best and medium to very high
costs.

Soil/clay caps are retained for potential application to those sites where

contaminated solid waste is removed but contamination below a certain depth (e.g. 15 ft

as addressed in MTCA) is left in place. Soil/clay caps are retained for this application

as representative of this technology type because they offer the best implementability and
lowest cost relative to the asphalt, cement, and synthetic covers.

The three options retained were the RCRA multi-media cap, the Hanford Barrier,
and the soil/clay cover. These options were selected as representative process options

for the solid waste medium. The Hanford Barrier is a special design of the RCRA
multi-media cap option. The Hanford Barrier is particularly well suited to the 100 Area

site conditions and is being specifically designed for isolation of radioactive wastes or

mixed wastes for up to 1,000 years. These two retained options incorporate similar

features and include the best characteristics of several capping designs. The Hanford

Barrier would be constructed of natural materials which should 1) minimize the need for

long-term maintenance (provided that measures are taken to control subsidence), 2)
resist erosion, and 3) provide features adaptable to a range of site conditions. The
RCRA multi-media cap is considered applicable for hazardous only wastes or other

applications, such as very small sites, where the RCRA cap would be technically
adequate and/or more economical. The soil/clay cover would be considered for
applications where solid waste sites are partially excavated while some deep residual

contamination is left in place.

Horizontal Barrier Option. Grout injection as a horizontal barrier was eliminated

because of its limited effectiveness and difficult implementability. It has not been
demonstrated in a field application at the Hanford Site. The emplaced lateral continuity
of the barrier is uncertain and was the major factor in eliminating this process option.
The horizontal barrier technology type was thus completely eliminated as a result of the

two screening steps.

Vertical Barrier Options. The grout curtain was determined to be ineffective as a
vertical barrier due to the expected uncontrollable nature of emplacing grout in the

coarse Hanford soils. The soils would require viscous grout mixtures and a close pattern

of injection boreholes to achieve adequate overlap of the grout columns.

The slurry wall was the only option retained for vertical barriers. Better control

of construction is provided over grout curtains because slurry walls are continuously
excavated and emplaced structures. The barrier is considered to be moderately effective,
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but for the distances and depths required at the 100 Area, the implementation would be
difficult and highly costly. Slurry walls, however, were retained as a representative
technology for further development of alternatives.

Run-On/Run-Off Control. The three process options for run-on/run-off control
include diversion/collection, grading, and revegetation. At some point in the remedial
process, each of these process options may be used to control surface water flow at the
site. These process options may be employed to prevent flooding, control erosion, or
direct surface runoff. All of the options were retained for development of alternatives.
A representative process option was not chosen since each of the options differs
significantly from the others in its application and performance.

Removal/Disposal Response for Solid Waste:

Removal Options. The process options of excavation and demolition of larger
structural components were retained as being highly effective, moderately
implementable, and relatively low cost. Both options are representative of the removal
technology and both would be needed to handle the range of waste forms.

On-Site Disposal Options. On-site disposal in a tumulus was judged to have
limited effectiveness relative to other options and was eliminated. A tumulus is an
above grade structure that is considered to be more susceptible to surface degradation
and also to have higher maintenance requirements relative to options where waste is
buried below grade. The remaining process options--trenches/pits for low activity mixed
waste, vaults for high activity waste, and RCRA-type landfills for hazardous-only wastes-
are representative of the technology and are considered to be more effective as solid
waste disposal options.

Off-Site Disposal Options. Off-site disposal in a geologic repository was
determined to be highly effective but not implementable in a time frame necessary to
meet the RAOs because a repository is currently not available and one is not likely to be
available in the foreseeable future. The RCRA landfill and DOE facilities options were
retained as being representative of the technology type required for the disposal of the
variety of wastes to be encountered, i.e, a RCRA landfill could handle hazardous wastes
and mixed and/or radioactive only wastes would have to be disposed at a DOE facility.

In Situ Treatment Response for Solid Waste:

Stabilization/Solidification Options. Grout injection was eliminated as an in situ
stabilization/solidification process option for the same reasons discussed under
horizontal barrier options. The high porosity of site soils could allow the grout to flow
freely around the site and reduce the possibility for an effective solidified matrix in the
solid waste areas. Vibration aided grout injection was retained because the function of
vibration applied during grout injection was assumed to provide better control of grout
migration to the desired locations. Vibration aided grout injection was classified as
moderately effective and is the only technology option retained as representative of in
situ stabilization treatment.
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Dynamic compaction was retained as process option of limited effectiveness. The

process would reduce the interstitial pore space and thereby reduce the potential for

contamination migration through groundwater transport or leachate development from

surface water infiltration in the short-term. However, its greatest benefit is in controlling
subsidence, an important aspect to the effectiveness of surface barriers.

Removal/Treatment/Disposal Response for Solid Waste:

Removal Options. Refer to discussion above for Removal/Disposal GRA for

solid waste. Both excavation and demolition were retained.

Thermal Treatment. The thermal treatment technology options retained include

thermal desorption, incineration, and pyrolysis. These options were judged to be highly
effective. The options eliminated included metal melting and molten solids processing.
These options were screened out for the following reasons:

0 A highly segregated waste stream would be needed (e.g., metal melting
would require sorting into metal types such as lead, aluminum, and

iron/steels)

0 Cost associated with segregation activities would be very high.

* Using the processes for decontamination purposes is uncertain.

* The option is not considered to offer significant advantages over other

process options (e.g., incineration followed by solidification).

Stabilization/Solidification. The stabilization technologies are intended to create

a solid monolith of waste with low permeability and reduced leaching potential. All four

process options were retained. Cement is the most commonly used material although

difficulties associated with formulation are typical. Bitumen is a thermodynamically
stable material and highly resistant to moisture penetration; however, it is not as widely
used as cement. Polymers are innovative materials which are most suitable for high
waste loading applications. Vitrification provides the most robust waste form (glass),
although the process is complex.

Physical Treatment. Segregation/sorting was judged to be technically difficult to

implement to achieve a high degree of separation of solid waste by type of waste and/or
waste form. This degree of sorting could probably only be accomplished with a slow

item-by-item manual sorting, which would be very costly and could pose unnecessary risk

to workers unless done remotely. Therefore, this manual item-by-item
segregation/sorting was eliminated as a general process option. Basic waste segregation,

such as separating out intact drums, compressed gas cylinders, other special hazard
materials, or highly radioactive waste, will be conducted during excavation. Metal

decontamination (as metal melting) also requires a highly segregated waste stream and
was eliminated.
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The options retained included size reduction and repackaging. Some limited size
reduction may be accomplished with the compactible or loose materials in the solid

waste. Repackaging of damaged, deteriorated, or inappropriate containers may be
incorporated.

Chemical Treatment. Chemical oxidation and acid digestion process options were

judged as having limited effectiveness, difficult implementability, and very high costs.
These limitations did not warrant any further consideration of these process options.

Hydrolysis was identified as having limited effectiveness (it is effective for reactive

metals only), difficult implementability, and high cost. However, it was retained as a
potentially useful approach to remediate reactive metals should they be encountered
during excavation and removal operations.

On-Site Disposal Option. The trenches/pits, vaults, and RCRA-type landfills are

the same process options as proposed for on-site disposal in the removal/disposal
general response action. All were retained.

Off-Site Disposal Option. Off-site disposal options for the removal/treatment/
disposal GRA are the same as discussed previously for the removal/disposal GRA. The
RCRA landfill and the DOE disposal facilities were retained for use in developing
alternatives.

4.5.2.2 Evaluation of Process Options for Groundwater. The results of the second
screening step for groundwater technologies/process options are summarized in Figure 4-
5. Treatment options are well known for most of the contaminants of concern in the 100
Area; however, no technology exists that could economically remediate tritium
contamination. Natural attenuation appears to be the most viable alternative for the

treatment of tritium.

No Action Response for Groundwater:

No Action. This option for groundwater is retained to serve as the baseline for

comparative evaluations of active remedial response actions. The viability of a no action
response is highly dependent upon the results of future baseline risk assessments and
cost/benefit studies.

Institutional Controls Response for Groundwater:

Access Restriction Options. The analysis of this option assumed that both water
rights restrictions and deed restriction options could be maintained in the short-term and

possibly in the long-term. Both process options were retained for alternatives
development.

Monitoring Options. Groundwater monitoring is the only process option
remaining from the first screening step. Monitoring is considered a highly effective
method for detecting migration of contaminants. Monitoring will likely be required as
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part of the remediation and post-closure activities and thus was retained for development
of alternatives.

Alternate Water Supply Options. The alternate water supply options consist of
Columbia River water and development of nearby sources such as wells in unaffected
areas. It was assumed that the necessary water rights could be obtained to make this a
viable option. Both process options were retained for alternatives development.

Containment Response for Groundwater:

Horizontal Barrier Options. The two remaining horizontal barrier options were
judged to be ineffective due to the existing natural aquitard in the area. There is an
upward hydraulic gradient from the underlying aquifer, preventing a contaminant plume
from migrating downward into the unaffected groundwater. The natural hydraulic
conditions tend to bring clean water into the contaminated zones. No better control
could be achieved with an additional barrier installation. The horizontal barrier
technology was eliminated at this stage of screening.

Vertical Barrier Options. The three vertical barrier options remaining include
slurry walls, cryogenic walls, and grout curtains. Slurry walls are highly effective in
controlling the lateral migration of contamination in a geologic medium. Slurry walls
would be very expensive to install in the 100 Area because of the depth required to
reach the natural aquitard; however, slurry walls were retained.

Cryogenic walls could have the same effect on limiting lateral contaminant
migration but at very high cost due to the expenditure of energy to maintain cryogenic
temperatures over the long-term, (perhaps hundreds or thousands of years). It is also
considered to be highly uncertain whether the effectiveness could be maintained in the
long-term. For this reason, cryogenic walls were eliminated in favor of slurry walls which
would not require long-term maintenance.

Grout curtains were eliminated as a process option based on the limited control
of grout emplacement and the need for a very close pattern of injection boreholes.

Hydraulic Control Options. Extraction wells and extraction drains/trenches are
two process options that can be utilized to provide the hydraulic control of the
groundwater medium (in conjunction with injection wells). Extraction wells and trenches
are highly effective in controlling the lateral diffusion and flow of a contaminated
groundwater plume by controlling flow around or away from a site. Injection wells may
be incorporated to modify the hydraulic gradient around a contaminated site and contain
the plume for withdrawal and treatment. Both options have been retained for
alternatives development.

Removal/Disposal Response for Groundwater:

Groundwater Extraction Options. Aquifer mining was eliminated because
implementability would be very difficult and the cost would be extremely high. The
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quantities of sediments removed would be massive. Aquifer mining, while theoretically
possible, is unprecedented on this scale. Lixiviant extraction was eliminated because of
its unknown effectiveness (workable lixiviants for many Hanford contaminants have not
yet been developed), potential uncontrollable mobilization of contaminants, and difficulty
in recovering solutions. The retained process options for alternatives development in
this category include extraction wells and extraction drains/trenches.

Wastewater Disposal Options. Deep-well injection into the aquifer was retained
although implementability is difficult due to permitting restrictions. Above/below-
ground storage tanks were eliminated because the very large of volumes of water would
make this option impractical due to prohibitive costs. Evaporation ponds were
eliminated because of the potential for release of contaminants such as tritium into the
atmosphere and because of the potential exposure to biota.

In Situ Treatment Response for Groundwater:

Biological Treatment Options. Enhanced groundwater bioremediation and
biodenitrification process options were judged to be moderately and highly effective,
respectively. Both options were retained for further development of alternatives
although their applications are limited to organic contaminants and nitrates.

Physical Treatment Options. Four physical treatment process options include
permeable treatment beds, electro-kinetic separation, air stripping, and vapor extraction.
The permeable treatment bed process option would require periodic replacement of the
treatment bed and excessively large quantities of the treatment bed material; the option
was thus eliminated on the basis of limited effectiveness, difficult implementability, and

high cost.

Electro-kinetic separation was judged to have limited effectiveness and an
uncertain implementability (technology has not been demonstrated) and was eliminated.

Air stripping and vapor extraction were both retained as suitable, specifically for
removing volatile organic compounds from groundwater. Vapor extraction is commonly
used for soil remediation, but both process options have also been shown to remediate
groundwater effectively.

Chemical Treatment Options. A single innovative in situ chemical treatment
option was evaluated for treatment of heavy metal and radionuclide contamination of
groundwater. Injection of chemical reagents into the groundwater to reduce hexavalent
chromium and/or precipitate other heavy metals and radionuclides may potentially offer
significant technical and cost advantages relative to ex situ treatment options. This
technology needs considerable development to prove it viable for in situ application and,
therefore, its implementability and effectiveness are highly uncertain at this time. For
these reasons, the option is eliminated at this screening stage. See Section 5.3.5.4 for
additional discussion of this innovative technology.
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Removal/Treatment/Disposal Response for Groundwater:

Groundwater Extraction Options. For the same reasons as given in the
removal/disposal response, aquifer mining and lixiviant extraction were eliminated.
Extraction wells and extraction drains/trenches were retained for alternatives
development.

Biological Treatment Options. Biosorption was eliminated as an option due to
uncertain effectiveness (technology has not been demonstrated). Bioreactors and
biodenitrification were retained as options for selected contaminants due to
demonstrated effectiveness in similar applications.

Physical Treatment Options. Numerous physical treatment options were
evaluated in this screening step. The retained options include: ion exchange, media
filtration, flocculation, carbon adsorption, air stripping, reverse osmosis, ultrafiltration,
steam stripping, and forced evaporation. All process options in this group are proven
and widely used in the remediation of both organic and inorganic contaminants. These
options are effective and provide a wide range of treatment choices for all the
contaminants of concern except tritium.

Those options eliminated because they are ineffective or of limited/uncertain
effectiveness include passive evaporation, electrodialysis, dissolved air flotation,
sedimentation, freeze crystallization, and supported liquid membrane separation.

Chemical Treatment Options. Tritium separation, while theoretically possible, is
not practical for groundwater remediation treatment, would be extremely costly, and was
therefore eliminated.

Wet air oxidation would not be effective because the level of contaminants is too
dilute. The chemical treatment options retained include chemical oxidation,
precipitation, and chemical reduction.

Surface Disposal Options. Surface discharge is retained as a well proven,
implementable option for groundwater disposal. The soil column acts as an additional
level of treatment, especially for tritium. Columbia River discharge is eliminated
because of tritium contamination, which is not removed from the groundwater. Tritium
contaminated water discharge to surface water is not a viable disposal consideration.
Storage tanks are not practical for storage of very large volumes over a long period of
time and were eliminated as a process option.

Subsurface Disposal Options. Crib disposal was retained as a process option due
to its high effectiveness and ease of implementation at a low cost. Deep-well injection
and reinjection into the aquifer were also retained but are considered more difficult and
expensive to implement than the other process options.

4.5.2.3 Evaluation of Process Options for Soil and Riverbank Sediments. The results of
the second screening evaluation for this medium are summarized in Figure 4-6. The
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evaluations performed for soil and riverbank sediments are similar to those given for the
solid waste medium in Section 4.5.2.1.

No Action Response for Soil and Riverbank Sediments:

No Action. This option may be useful for some sites provided that risk assessment
indicates the acceptability of leaving soils and/or riverbank sediments as-is with no
additional remediation or monitoring. However, for broad applications, administrative
implementability is questionable because of likely resistance to this solution by the public
and the regulatory agencies. The effectiveness of a no action response may not satisfy
the RAOs if contamination remains in place. The alternative is not eliminated at this
stage because this option is required by the NCP as a baseline and because it may be an
appropriate response for some sites.

Institutional Controls Response for Soil and Riverbank Sediments:

Access Restriction Options. Options of fencing and deed restrictions are effective,
implementable, low cost, and were retained for development of alternatives for reasons
similar to the other media.

Monitoring Options. Leachate monitoring was eliminated as a potential option
because current soil and riverbank sediment sites cannot be monitored for leachate
without construction of a horizontal barrier beneath the contaminated sites. Leachate
collection systems require some method to concentrate or sample the leachate that may
be migrating below a waste source. This would require either a natural clay barrier or a
constructed barrier. Placement of such a barrier beneath a disposal site is not
considered practical without waste removal. Therefore, this option was eliminated.

Containment Response for Soil and Riverbank Sediments:

Capping Options. The three options retained were the RCRA multi-media cap,
the Hanford Barrier, and the soil/clay cover for the same reasons as discussed above for
the solid waste medium (refer to Section 4.5.2.1).

For similar reasons as given for solid waste (Section 4.5.2.1), the other process
options were eliminated based of the need for significant maintenance to ensure the
long-term integrity of the cap.

Horizontal Barrier Options. Grout injection was the only horizontal barrier
evaluated at this screening stage. The horizontal barrier option was eliminated because
of limited effectiveness and difficulty in implementation. The porous soils at the 100
Area would inhibit accurate grout placement.

Vertical Barrier Options. The grout curtain option as a vertical barrier was
judged to be ineffective due to the expected uncontrollable nature of grout in the porous
Hanford soils. It was therefore deleted. The slurry wall option is moderately effective,
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but would be costly to construct and difficult to implement at the required depths. It
was retained as a representative process option of this technology category.

Run-on/Run-off Control Options. The three process options for run-on/run-off
control include diversion/collection, grading, and revegetation. All three are effective
for their intended applications, i.e., to control or direct surface water run-on/run-off, to
prevent flooding, or to control erosion. All options were retained.

Removal/Disposal Response for Soil and Riverbank Sediments:

Removal Options. Excavation is the only process option considered for this
medium. Numerous methods may be available to accomplish this objective. Excavation
was retained because it is highly effective, moderately implementable, and relatively low
in cost.

On-Site Disposal Options. On-site disposal in a tumulus was judged to have
limited effectiveness and was eliminated. A tumulus is an above grade structure that is
more susceptible to surface degradation and maintenance requirements relative to
options where waste is buried below grade. The remaining process options, i.e.,
trenches/pits, vaults, and RCRA-type landfills, were retained as representative of the
technology and are considered to be more effective as soil waste disposal options.

Off-Site Disposal Options. Off-site disposal in a geologic repository was
determined to be highly effective but not implementable in the time frame necessary to
meet the RAOs because a repository is currently not available and one is not likely to be
available in the foreseeable future. The RCRA landfill and DOE facilities options were
retained as being representative of the technology required for the disposal of the variety
of wastes to be encountered, i.e, a RCRA-type landfill could only handle hazardous
wastes but mixed wastes would have to be disposed of at a DOE facility.

In Situ Treatment Response for Soil and Riverbank Sediments :

Stabilization/Solidification Options. Grout injection as an in situ stabilization/
solidification technology process option was eliminated for the same reasons discussed
for the solid waste medium (Section 4.5.2.1). It would be very difficult to control the
grout flow and direction in soils to ensure complete encapsulation. The course grain
nature of site soils would allow the grout to flow freely around the site. Vibration aided
grout injection was retained for specific applications such as cribs because the function of
vibration during grout injection was to provide a method to control grout migration to
the desired locations.

Shallow soil mixing and fixants were eliminated due to depth limitations.
However, either of these might be of limited use where contamination was known to be
near-surface. Ground freezing was eliminated because of uncertain effectiveness factors:
lack of adequate soil moisture and the need for maintaining a frozen state in perpetuity.
Because of the latter, long-term operating costs are judged to be excessive.
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Vitrification was retained because it would be highly to moderately effective for
soils and unsaturated riverbank sediments although it has not been demonstrated for
deeper contamination.

Dynamic compaction was retained as a process option for limited applications
where subsidence control is desirable, such as in combination with surface barriers.

In Situ Biological Treatment Options. Enhanced soil bioremediation was
eliminated. Effectiveness is uncertain because of the depth of contamination and
because of the potential for mobilizing those contaminants which are not biodegraded.
Land farming was retained for special applications involving petroleum contaminated
soils, such as leaks from underground fuel storage tanks or other petroleum fuel spills.

Biodenitrification was retained as the representative option for treatment of
nitrates. It was judged to be highly effective and has been successfully demonstrated in
both in situ and ex situ applications.

In Situ Chemical Treatment Options. Soil flushing is the only representative in
situ chemical treatment option evaluated in this screening step. It requires introduction
of chemical solutions to the soil matrix to strip contaminants from the soil. The
effectiveness is dependent upon recovery of the flushing solutions. A high potential
exists for escape of some mobilized contaminants. For these reasons, soil flushing was
judged to be difficult to implement and only of limited effectiveness, and was therefore
eliminated.

In Situ Physical Treatment Option. Vapor extraction and steam stripping were
retained as representative process options due to their moderate to high effectiveness.
Soil flushing, RF heating, and electrical soil heating were eliminated due to limited
effectiveness, high cost and/or difficult implementability.

Removal/Treatment/Disposal Response for Soil and Riverbank Sediments:

Removal Options. The process option of excavation is the only removal option
considered for the medium. It was retained as being highly effective, moderately
implementable, and relatively low cost.

Thermal Treatment. Thermal desorption was the only thermal treatment
technology retained. This option was judged to have the potential for being highly
effective with moderate costs (relative to incineration and pyrolysis) for soils application.
The options eliminated included incineration, pyrolysis, and molten solids processing all
based on economics relative to thermal desorption. These options were ranked as
moderately to highly effective but were determined to have much higher capital and
operating costs relative to thermal desorption, due to the need for higher temperatures
(which increases fuel costs). Incineration requires raising the temperature of the soil to
a level high enough to ensure destruction of organic contaminants. The thermal
desorber, on the other hand, only volatilizes organics (at relatively low temperatures)
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which are then combusted in a secondary chamber (other options are also available for
off-gas treatment).

Stabilization/Solidification. Bitumen-based, cement-based, and polymer-based
options were eliminated because they would all result in a significant increase in the
waste volume as a result of treatment. Stabilization/solidification of bulk soils is not
practical nor desirable on an aggregate basis because of potential large waste volume
increases. Stabilization/solidification may be considered for limited special and small-
scale applications in the FFS for each site or OU.

Vitrification was retained as an option as an innovative technology for soil and
riverbank sediments and shows promise as being highly effective although costly for large
volumes of soil (significantly higher costs than incineration due to the need for melting,
as opposed to merely destroying organics).

Physical Treatment. The three physical treatment options evaluated include
vapor extraction, soil washing, and steam stripping. Vapor extraction and steam stripping
are proven techniques for removing volatile organic compounds from soil and riverbank
sediments and are therefore retained.

The effectiveness of soil washing is uncertain due to limited test data and the
diversity of 100 Area contaminants. However, if it can be successfully proven, the
technology shows promise as an innovative approach which could substantially reduce the
volumes of waste required for disposal. It is therefore retained.

Chemical Treatment. Two of the process options, chemical oxidation and alkali
metal dechlorination were eliminated due to limited effectiveness. Soil washing with
chemicals was selected as the representative process option for similar reasons as given
above for physical treatment.

Biological Treatment Options. Land treatment was classified as having limited
effectiveness because of the potential for mobilization of contaminants. Bioreactors and
biodenitrification were retained as representative process options. Both options are
highly effective in treatment of organics and nitrates.

On-Site Disposal Option. On-site disposal technology to satisfy the
removal/treatment/disposal action includes the same process options that are discussed
for on-site disposal under the removal/disposal response. The tumulus as an above
ground facility was eliminated due to its limited long-term effectiveness. The options
retained in this category were trenches/pits, vaults, and RCRA-type landfills.

Off-Site Disposal Option. Off-site disposal options for the
removal/treatment/disposal action are the same as discussed under the removal/disposal
response. The RCRA landfills and the DOE disposal facilities were retained for
development of alternatives. A geologic repository was eliminated because it is not
implementable in the time frame necessary to meet the RAOs.
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4.6 SECONDARY TREATMENT PROCESS OPTIONS

Section 4.5 provides screening of technologies and process options which are
applied as primary response actions for remediation of contaminated sites. Several of
these primary options generate secondary waste streams which require secondary
treatment to meet remediation goals. Evaluation and selection of appropriate secondary
treatment options needs to consider site-specific and action-specific conditions. This
evaluation process is reserved for focused feasibility studies. To provide a starting point
for these evaluations, this section provides a listing of candidate secondary treatment
options as follows:

Application Secondary Treatment Option

Off-gas treatment for removal of
volatile organics, products of
incomplete combustion, metal vapors,
or particulates (dusts)

Liquid and/or solid residues from
primary processes containing
chemicals and/or radionuclides
requiring further processing to meet
disposal requirements

" Incineration (organics)
" Water quench (high temperature

gases)
" Scrubbing (acid gases, metal

vapors, particulates)
" Catalytic oxidation (organics)
" Carbon adsorption (organics)
* Filtration (particulates)

" Stabilization/solidification for
liquids and/or immobilization of
contaminants

" Evaporation for volume reduction
of liquids

" Filtration for separation of liquids
and solids
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Figure 4-1. Technical Implementability Screening of Process Options
for Solid Waste (Page 1 of 3)
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Figure 4-1. Technical Implementability Screening of Process Options
for Solid Waste (Page 2 of 3)
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Figure 4-1. Technical Implementability Screening of Process Options
for Solid Waste (Page 3 of 3)

A A -

& MI

H,

A S

.1

S

I

iI~b
!i II

"'Ii!
Ii

*,~

0

I

I

'U
~

I
00

I.
~ an.,

K *1a It I

1~~

I

in'~

I S

~I fl
~

~oS~ I

TT TT TT0

ii II a6

T T TT T

Ni

4F-1c

aa
E

aI

.s.
bA

it

ato

I

I

0'h



LEFT BLANK



DOE/RL-92-11
Draft B

Figure 4-2. Technical Implementability Screening of Process Options
for Groundwater (Page 1 of 4)
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Figure 4-2. Technical Impletuentability Screening of Process Options
for Groundwater (Page 2 of 4)
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Figure 4-2. Technical Implementability Screening of Process Options
for Groundwater (Page 3 of 4)
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Figure 4-2. Technical Implementability Screening of Process Options
for Groundwater (Page 4 of 4)
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Figure 4-3. Technical Implementability Screening of Process Options
for Soil and Riverbank Sediments (Page 1 of 4)
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Figure 4-3. Technical Implementability Screening of Process Options
for Soil and Riverbank Sediments (Page 2 of 4)

1 1 H ! i i I i 11 H I i12
MIS: I

9

Ii~~ H i '.

WN -1
H 

p si
22:1 112

z gt 31-ris r

I

ii

-t
12

.1 1

- Ii
0>2 2

tan';
jiH1~ I
IlilsI!

TLTTI

T T

4F-3b

lit

U

A
ii. I
U I
IX
OWE Siii.I

Ia
a

C.
S

I

i ~
a g

T T



DOE/RL-92-11
Draft B

Figure 4-3. Technical Implementability Screening of Process Options
for Soil and Riverbank Sediments (Page 3 of 4)
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Figure 4-3. Technical Implementability Screening of Process Options
for Soil and Riverbank Sediments (Page 4 of 4)
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Figure 4-4. Implementability, Effectiveness, and Cost Screening of
Process Options for Solid Waste (Page 1 of 3)
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Figure 4.4. Impiementability, Effectiveness, and Cost Screening of

Process Options for Solid Waste (Page 2 of 3)
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Figure 4-4. Implementability, Effectiveness, and Cost Screening of
Process Options for Solid Waste (Page 3 of 3)
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Figure 4-5. Implementability, Effectiveness, and Cost Screening of
Process Options for Groundwater (Page 1 of 4)
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Figure 4-6. Implementability, Effectiveness, and Cost Screening of Process
Options for Soil and Riverbank Sediments (Page 1 of 4)
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Figure 4-6. Implementability, Effectiveness, and Cost Screening of Process
Options for Soil and Riverbank Sediments (Page 2 of 4)
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Figure 4-6. Implementability, Effectiveness, and Cost Screening of Process
Options for Soil and Riverbank Sediments (Page 3 of 4)
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Figure 4-6. Implementability, Effectiveness, and Cost Screening of Process
Options for Soil and Riverbank Sediments (Page 4 of 4)
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Table 4-1. Hanford 100 Area Media of Interest, Exposure Pathways, and Receptors

MEDIUM EXPOSURE PATHWAY RECEPTORS

Soils Direct contact Humans
External exposure Terrestrial flora and
Ingestion fauna
Consumption of plants grown on the land Aquatic flora and
Water and wind erosion of contaminated fauna
soil particles Aerial fauna
Bioaccumulation in the food chain

Groundwater Consumptive use Humans
Irrigation and bioaccumulation in the food Terrestrial flora and
chain fauna
Baseflow contributions to the Columbia Aquatic flora and
River fauna

Aerial fauna

Riverbank Direct contact Humans
Sediments Ingestion Aquatic flora and

Bioaccumulation in the food chain fauna
Water and wind erosion of contaminated Aerial fauna
particles Terrestrial flora and

fauna

Solid Wastes Direct contact Humans
Ingestion Terrestrial flora and
Consumption of plants grown on the land fauna
Water and wind erosion of contaminated Aerial fauna
soil particles
Bioaccumulation in the food chain
Aerial dispersion
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MEDIUM* REMEDIAL ACTION OBJECTIVES GENERAL RESPONSE ACTIONS

Soils For Human Health: No Action
Prevent ingestionldirect contact with soil having an excess cancer risk of 1 0M to --

10, or radionuclide concentrations resulting in annual whole body radiation dose Institutional Controls
in excess of 25 mrean/year, or annual critical organ radiation dose in excess of 75
mm/year (see Table IA, Appendix B). Containment

Prevent inhalation of all contaminants of concern posing an excess cancer risk of In Situ Treatment
I to 10", or radionuclides in concentrations resulting in doses greater than
10 mrem/year (see Table IA, Appendix B). Removal/Disposal

For Environmental Protection: Removal/Disposal/Treatment
Prevent erosion of soil that would contribute to surface water concentrations
greater than the standards for the contaminants of concern in surface water listed - -

in Table lB, Appendix B.

Prevent release of contaminants of concern to groundwater that would result in
concentrations in excess of the concentrations listed in Tables 2A and 2B,
Appendix B, or above background concentrations listed in Tables AB-1 through
AB-10, Appendix A.

Groundwater For Human Health: No Action
Prevent ingestion of water with carcinogen concentrations in excess of MCLs
(Table 2B, Appendix B) and a total excess cancer risk for all contaminants of Institutional Controls
concern greater than 10" to 10".

Containment
Prevent ingestion of water with contaminant concentrations in excess of MCLs
(see Tables 1B, IC, 2A, and 2B, Appendix B), or backgroundconcentrations, as In Situ Treatment
presented in Tables AB-1 through AB-10, Appendix A.

Removal/Disposal

Prevent ingestion of water with total radionuclide concentrations that would result
in a radioactive exposure dose in excess of 4 nrem/year. Removal/Disposal/ireatment

For Environmental Protection:
Prevent baseflow contributions to the Columbia River of all contaminants at
concentrations that would exceed chronic aquatic concentrations presented in Table
2B, Appendix B.

Restore groundwater quality t; background concentrations for all contaminants
presented in Tables AB-1 through AB-10, Appendix A.
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MEDIUM* REMEDIAL ACTION OBJECTIYES GENERAL RESPONSE ACTIONS

Riverbank Sediments For Human Health: No Action
Prevent ingestionldirect contact with soil having an excess cancer risk of l0e to
10", or radionuclide concentrations restlting in annual whole body radiation dose Institutional Controls
in excess of 25 nrem/year, or annual critical organ radiation dose in excess of 75
mrenm/year (see Table IA, Appendix B). Containment

Prevent inhalation of all contaminants of concern posing an excess cancer risk of In Situ Treatment
10" to 10", or radionuclides in concentrations resulting in doses greater than
10 mren/year (see Table IA, Appendix B). Removal/Disposal

For Environmenial Protection: Removal/Disposal/Treatment
Prevent erosion of soil that would contribute to surface water concentrations
greater than the standards for [he contaminants of concern in surface water listed
in Table IB, Appendix B.

Prevent release of contaminants of concern to groundwater that would result in
concentrations in excess of the concentrations listed in Tables 2A and 2B,
Appendix B, or above background concentrations listed in Tables AB-1 through
AB-10, Appendix A.

Solid Waste For Human Health: No Action
Prevent ingestion/direct contact with solid waste having an excess cancer risk of
10" to 100, or radionuclide concentrations resulting in annual whole body Institutional Controls
radiation dose in excess of 25 rnremlyear, or annual critical organ radiation dose
in excess of 75 mrem/year (see Table IA, Appendix f). Containment

Prevent inhalation of all contaminants of concern posing an excess cancer risk of In Situ Treatment
10" to 106, or radionuclides in concentrationa resulting in doses greater than
10 mrern/year (see Table IA, Appendix B). Removal/Disposal

For Envirnmental Protection: Removal/Disposal/Treatment
Prevent erosion of solid waste that would contribute to surface water
concentrations greater than the standards for the contaminants of concern in
surface water listed in Table IB, Appendix B.

Prevent release of contaminants of concern to groundwater that would result in
concentrations in excess of the concentrations listed in Tables 2A and 2B,
Appendix B, or above background concentrations listed in Tables AB-1 through
AB-10, Appendix A.

'Note: The 100-N Area is not specified as a medium of interest since it is similar in nature to the other sites in the 100 Area such that the other media listed also apply to.the 100-N Area.
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Table 4-3. Hanford 100 Area Volumes or Areas of Affected Media

MEDIUM VOLUME', Loose Cubic Feet

Low Activity'0 Soil 420,116,000
(grain size <12 inches)

High Activity Soil 13,495,000
(grain size <12 inches)

Low Activity(" Soil 22,112,000
(grain size >12 inches)

High ActiviW Soil 710,000
(grain size >12 inches)

Groundwater, all low activity' 4.8 x 109 gallons

Riverbank Sediments, all low activity 33,790,000

Low Activity(O Solid Waste 109,614,000
(except pipe >24 inches, diameter)

High Activity() Solid Waste 7,581,000
(except pipe)

Low Activity(" Pipe 31,935,000
(diameter >24 inches)

High Activityr Pipe 394,000

(1) <200 mR/hr surface, <100 pCi/gram TRU
(2) >200 mR/hr surface and/or > 100 pCi/gram TRU

a All volumes are taken from WHC (1991e) except for Groundwater and
Riverbank Sediments which are derived in Appendix D.
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5.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES

5.1 INTRODUCTION

Following identification and screening of technologies and process options,
remedial alternatives are assembled, developed, and screened, following the guidance
provided by CERCLA (EPA 1988a).

This section of the FS is divided into the following topics:

0 Development of alternatives (Section 5.2)
* Screening of alternatives (Section 5.3)
* Introduction to alternative screening (Section 5.3.1)
* Solid waste alternatives (Section 5.3.2)
* Groundwater alternatives (Section 5.3.3)
0 Soil and riverbank sediment alternatives (Section 5.3.4)
* Summary of the alternatives evaluation (Section 5.3.5).

Section 5.3.5 provides a comparative analysis of the alternatives including the
rationale for retention or elimination of specific alternatives.

5.2 DEVELOPMENT OF ALTERNATIVES

Remedial alternatives are developed by combining representative screened

technologies and process options to provide integrated solutions for remediation of
contaminated waste sites. In Section 4.0 of this report, the universe of potentially
applicable technologies was screened twice: initially for technical implementability (refer
to Figures 4-1, 4-2, and 4-3) and then for effectiveness, institutional implementability,
and cost (refer to Figures 4-4, 4-5, and 4-6). Based on the results of these two screening
steps, alternatives have been developed which span the range of GRAs and which
combine technologies from different GRAs, if necessary to provide an integrated
solution. For example, capping (a containment general response action) is combined
with removal and disposal general response actions, so as to provide a complete solution
for placing removed waste in a configuration which is most protective of human health
and the environment.

The alternatives development process for this FS is shown graphically in Figure
5-1 for the solid waste media, in Figure 5-2 for groundwater, and in Figure 5-3 for soils/
riverbank sediments. A total of 27 alternatives have been assembled; however, only 18
of these are unique as some of the alternatives apply to both solid waste and soil media.
Technologies and process options have been combined in such a way that representative
groups of technologies can be compared. For example, some alternatives are established
which differ only by the type of disposal, e.g. on-site vs. off-site. This is done so that the

impacts of the disposal method can be evaluated stand-alone without involving parallel
consideration of factors not relating to disposal.

5-1
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Each of these alternatives is described in sufficient detail such that they can be
evaluated in the alternatives screening step. Descriptions are based upon the general
process information given for each technology/process option in Appendix C. In -
addition, each alternative is described in view of known site conditions, contaminant
ranges, volumes of contaminated media, remediation times, etc. These descriptions are
given in Sections 5.3.2 through 5.3.4 for each media.

CERCLA guidance (EPA 1988a) suggests a maximum of ten alternatives (from no
action to removal, treatment, and disposal) be developed for detailed analysis. However,
because this is an area-wide FS, encompassing many types of contaminants, media, and
waste forms, more alternatives were developed overall to provide greater flexibility in
subsequent detailed analysis phases to be performed as part of the focused feasibility
studies for IRM or OU final remedy decisions.

Other considerations and assumptions used to develop alternatives are listed as
follows:

0 No attempt was made to formulate alternatives for groundwater in
combination with other media. Such combinations will be considered in
future focused feasibility study phases following completion of risk
assessments indicating that combinations are required to eliminate source
to receptor pathways.

* Soils and riverbank sediments are sufficiently similar to be considered a
single media.

* 100-N Area media (groundwater, soils, riverbank sediments, and solid
waste) are sufficiently similar to those of the other operable units and,
therefore, are not considered separately for alternatives development
purposes.

Alternative combinations which consider multiple media might be developed
which combine source removal (e.g., contaminated soil) and containment of groundwater.
The risk assessment provides specific information on the source to receptor pathway. It
is important that multiple media transport of contaminants be defined which in turn
suggests how the source/receptor pathway can be manipulated to control or eliminate
contaminant migration.

5.3 EVALUATION AND SCREENING OF ALTERNATIVES

In accordance with the CERCLA FS process (EPA 1988a), each alternative is
evaluated against established criteria. The criteria are essentially the same as used for
technology screening, i.e., implementability, effectiveness, and cost. However, in the
alternatives evaluation stage, the criteria are now viewed in more detail, considering
more site-specific conditions, and as applied to the integrated remedial solution rather

5-2



DOE\RL-92-11
Draft B

than to just a portion of the solution. The CERCLA evaluation criteria are listed as

follows:

Sffectiveness:

Short-term protection of human health
- Assesses protection of the community during remedial action,

including risks from dusts, transportation, air-quality impacts, etc.
Also, assesses protection of workers during remedial action and the
threats which may be posed to workers.

* Short-term protection of the environment
- Addresses potential adverse environmental impacts resulting from

construction and implementation and evaluates the reliability of the
available mitigation measures in preventing or reducing the
potential impacts

* Long-term protection of human health
- Assesses the residual human risk remaining from untreated waste or

treatment residuals at the conclusion of remedial activities; assesses
the adequacy and reliability of controls if any that are used to
manage treatment residuals or untreated wastes.

* Long-term protection of the environment
- Same as long-term human health protection, but with applicability to

impacts on the environment

* Reduction of mobility, toxicity, or volume reduction.
- Assesses the extent to which the alternative achieves destruction or

reduction of the total mass of toxic contaminants, irreversible
reduction in contaminant mobility, or reduction of total volume of
contaminated media.

Implementability - technical feasibility:

* Constructability
- Relates to the technical difficulties and unknowns associated with a

technology

* Operational reliability
- Focuses on the likelihood that technical problems associated with

implementation will lead to schedule delays

* Maintenance
- Assesses the degree and difficulty of maintenance of the remedial

system during the implementation period; also considers the time-
frame for which maintenance is required.

5-3
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Implementability - administrative feasibility:

Agency approvals
- Assesses the likelihood of gaining public and regulatory acceptance

of the proposed remedial action including all necessary permits

* Availability of services
- Assesses the availability of adequate off-site treatment, storage

capacity, and disposal services; assesses the potential for obtaining
competitive bids, which may be particularly important for innovative
technologies; assesses availability of prospective technologies

* Specialized equipment and personnel
- Assesses the availability of necessary equipment and specialists and

provisions to ensure any necessary additional resources for
accomplishing the remedial activities.

Cost - relative cost:

* Assesses the relative magnitude of both capital and operating cost over the
period of the remediation.

Detailed descriptions of each of these criteria are given in CERCLA guidance
(EPA 1988a, Section 6.0).

5.3.1 Alternative Screening Process

The alternative evaluation step culminated in a formal scoring process to provide
a numerical qualification of how each alternative meets the evaluation criteria. The
scoring process recognizes that how alternatives rate against a specific criterion is not a
pass/fail situation, rather it is a matter of degree. This degree, which considers the
balance of pros and cons for each factor, is represented by a simple 1 to 5 scale, whereby
"1" (poor) suggests that the criterion is not met at all while "5" (excellent) suggests that
the criterion is met very well.

The scoring was performed independently by multiple individuals who made up
the FS project team. Multiple scoring was done so as to reduce the influence of
personal bias in the final results. The individual scores were then averaged to form an
initial composite alternative ranking score. Following this initial scoring step, discussions
among project team members were held to resolve discrepancies between individuals.
For example, should one team member have scored an alternative as a "5" and another
team member scored the same alternative as a "1", a discussion ensued to resolve the
difference of opinion. Following these discussions, each individual was given the
opportunity to change his/her score(s), although changing of a score was not mandatory.
The scores were then composited and averaged to arrive at final rankings which could
then be compared.
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To aid in defending the alternative evaluation scoring, each team member was
asked to document the rationale for his/her scoring, providing both the pros and cons of
each alternative and any additional comments as relating to the criteria. These
comments were then composited and formed the basis for the evaluation of each
alternative, the results of which are summarized for each alternative in the sections
below immediately following the description for that alternative.

Section 5.3.5 provides an overall summary of the alternatives evaluation and
screening process.

5.3.2 Solid Waste Alternatives

5.3.2.1 Alternative SW-1: No Action for Solid Waste.

5.3.2.1.1 Description. As explained in Section 4.0, the no action alternative is
required by the NCP to serve as a baseline for evaluation of other alternatives. The no
action alternative can also be applied to sites where contamination does not exceed the
level of unacceptable risk and/or is in compliance with ARARs. This alternative
represents a situation where no restrictions, controls, or active remedial measures are
applied to the site and thus the contamination is allowed to dissipate through natural
attenuation processes. The acceptability of this alternative would depend on a risk
assessment.

5.3.2.1.2 Evaluation. This alternative involves no monitoring and no controls. In
effect, the Hanford 100 Area would be administratively transferred for general or
industrial use. This alternative must be evaluated from the risk assessment standpoint
prior to incorporation.

Short-term effects are scored considering potential exposures to the populace and
worker exposure. Since there would be no worker exposure, and the solid waste sites
represent only a moderate exposure problem in the undisturbed state, short-term effects
are given an intermediate score. Risk assessment results would make scoring much more
meaningful. In the absence of risk assessment, it must be assumed that the long-term
effects are very poor and the constituents are released into the environment. This
alternative provides no benefits to reducing waste mobility.

The obvious factors related to construction and reliability are all given high
scores, reflecting the availability and reliability of the equipment required for no action.
Similarly, the alternative was given a high score for cost because there is essentially no
cost associated with this alternative.

This alternative was given low scores for agency approval because the RAOs
would not likely be met.

5.3.2.2 Alternative SW-2: Institutional Actions for Solid Waste

5-5
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5.3.2.2.1 Description. This alternative involves access restriction to areas within
the Hanford 100 Area which contain contaminated solid waste. Volume, toxicity, and
mobility of contaminants associated with solid wastes are not reduced by institutional
actions. However, access restriction to solid waste sites such as burial grounds or
retention basis does reduce the potential for human exposure. Two types of institutional
actions are considered for this alternative as follows:

* Access restriction to solid waste sites may be accomplished by erecting
fences around the Hanford 100 Area. Multiple fences could be placed
around individual sites for additional security. Fences ensure that
sufficient distance exists between waste sites and potential receptors to
ensure that RAOs are satisfied. The height of the fences must be high
enough to prevent larger animals such as deer from entering contaminated
zones. Fences should be constructed of materials which are least
susceptible to corrosion and degradation due to weathering. As an
additional measure of protection, fences should include symbolic
placarding which indicates potential hazards associated with the location.
Periodic inspection and repair would be required to maintain the integrity
of fences.

* Deed restrictions would be used to institute restrictions to land use in and
around solid waste sites. Restrictions specify acceptable land use practices
and may take the form of covenants which limit activities involving human
contact with solid waste sites. Deed restrictions may include prohibition of
groundwater use, excavation, and land-use limitations restricting farming
and grazing.

In addition to the institutional restrictions, this alternative also includes
continuation of monitoring and surveillance programs to track the migration of
contamination.

5.3.2.2.2 Evaluation. This alternative involves the use of institutional controls
over solid waste in perpetuity. The associated monitoring systems are assumed to be
necessary for the same time period. Again, assumptions were made concerning the
actual health effects of this alternative in the absence of a risk assessment which would
assign the effects.

The short-term effects are assumed to be acceptable, based on monitoring, and no
worker exposure is associated with retrieval. Therefore, an intermediate score is
assigned. Long-term effects are again assumed to be undesirable and are scored low.

Constructability, reliability, availability of services, and special equipment all get
high scores because fencing, monitoring and legal instruments are all readily available.

A medium score was assigned for maintenance because of the need for perpetual
care. The low cost of the institutional actions results in a high score for cost on this
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alternative. A low score was given for agency approval because it is unlikely that RAOs
can be met with institutional actions.

5.3.2.3 Alternative SW-3: Containment Actions for Solid Waste

5.3.2.3.1 Description. A single alternative has been developed for containment of

solid waste.

* Run-On/Run-Off Control:
- Grading
- Diversion/Collection
- Revegetation

* Capping:
- Hanford Barriers (radioactive buried waste sites)
- RCRA Multi-media Caps (hazardous-only buried waste sites)

* Monitoring: 100 Area groundwater.

Size and Configuration. This containment action is intended to take advantage of
low-cost surface modifications to protect the integrity of solid wastes buried below
ground surface. The Hanford Barrier would be installed over buried wastes to prevent
erosion, breaching by burrowing animals, and contact with precipitation. Other areas of
the site would be contoured (by grading) to aid in channeling precipitation away from
the wastes, thus ensuring adequate protection from erosion. Diversion and collection
would also be used to prevent runoff from ponding over the solid wastes thereby
reducing the potential for mobilization of contaminants by leaching. Native species

vegetation would be planted over capped areas and adjacent areas of disturbed soil for
erosion control.

Containment Objective. The objective of solid waste containment is to minimize
mobilization of contaminants by erosion or leaching.

Disposal Method and Distance. Containment implies in situ disposal which
avoids the need for disposal facilities. Solid wastes and associated contamination are
isolated in situ without waste treatment.

5.3.2.3.2 Evaluation. The Hanford Barrier is considered to be well developed
and effective, although it has not yet been employed in a full scale application. Because
there are no long-term performance data available, uncertainty remains over the
potential for failure from waste subsidence since this alternative makes no provisions to
stabilize wastes. The potential for subsidence will necessitate perpetual care of a very
large number of sites if the alternative is to remain effective.

RCRA caps are effective and have been applied at many hazardous waste sites
nationwide, although numerous cap failures have occurred.
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Short-term effects were scored slightly lower than for Alternatives SW-1 and SW-2
due to the need to work directly over the waste while installing the cap. The short-term
environmental effects are worse due to disturbances associated with grading for run-
on/run-off control. The long-term effects are given low to medium scores because the
waste has not been modified or immobilized and the potential for contaminant
mobilization effects remains. The alternative is superior to Alternative SW-1 or SW-2
because the Hanford Barrier and/or RCRA cap will inhibit leaching anid intrusion.

Constructability was given high scores, reflecting the simplicity of the alternative.
Similarly, services and equipment are readily available. This alternative was downgraded
on maintenance due to the potential problem of subsidence and the associated need for
perpetual care.

Medium to high scores were given to cost, reflecting a low capital cost and
potentially high costs of perpetual care.

Low scores were assigned to agency approvals because the contaminants would
not be immobilized and a multiplicity of sites exists.

5.3.2.4 Alternatives SW-4, SW-5, and SW-6: Removal and Disposal Alternatives for
Solid Waste.

5.3.2.4.1 Descriptions. Three alternatives have been developed for the removal
and disposal general response action for solid waste.

Alternative SW-4:

* Removal: Excavation/demolition (Includes sorting by activity level, size
reduction to accommodate packaging, and packaging for transport to
disposal site)

* On-Site Disposal:

- Vaults (high-activity radioactive and mixed waste)
(high-activity waste = greater than 100 nCi TRU/gm or 200
mrem/hr; see Section 4.4)

- Trenches/pits (hazardous-only, low-activity radioactive and mixed
waste)
(low-activity waste = less than 100 nCi TRU/gm or 200 mrem/hr;
see Section 4.4)

* Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous-only waste disposal sites)

Alternatives SW-5 and SW-6 are variations of Alternative SW-4 and differ only by
the method of disposal.
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Alternative SW-5:

* Removal: Excavation/demolition (Includes same sorting, size reduction,

and packaging as Alternative SW-4)

* Off-Site Disposal:
- DOE facilities (all radioactive mixed)
- RCRA landfills (hazardous-only materials).

Alternative SW-6:

* Removal: Excavation/demolition (Includes same sorting, size reduction,
and packaging as Alternative SW-4)

* On-Site Disposal:
- Vaults (high activity radioactive and mixed)
- RCRA-type Landfills (hazardous and low-activity radioactive wastes)

* Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous-only waste disposal sites)

Size and Configuration. The 100 Area Past Practice Site Cleanup and Restoration
Conceptual Study (WHC 1991e, Appendix A.4.0) presented an estimate of approximately
46 million loose (expanded after excavation) cubic feet (LCF) of buried waste in the 100
Area past practice sites. The referenced report also provided estimates on the
distribution of wastes as follows:

* Forty percent of the buried waste consists of combustible materials such as
wood, paper, rubber, and plastic.

* The remaining buried waste consists of 60 percent buried metal and 40
percent buried demolition wastes.

* In addition to buried waste, the study estimated that approximately 46
million LCF of discrete metal (e.g., from existing equipment, pipelines,
reactor components)

* Approximately 57 million LCF of demolition wastes (from the demolition
of existing structures consisting primarily of concrete rubble) in other than
burial grounds.

Table 1-7 and Section 1.0 of this FS report provide more detailed information on
solid waste forms and contaminants. A total of approximately 150 million LCF (See
Table 5-1 below) would require removal from the combined 100 Area past practice sites.
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The excavation and demolition system consists of heavy equipment, such as front-
end loaders, excavators, and bulldozers. Approximately 2,500 loose cubic feet per hour
(refer to Table 5-3 of the Flow Rate and Composition section below for a derivation of
this value) must be excavated/demolished beginning in the year 1999 to complete
remediation by the year 2018, the TPA Milestone for completion of site remediation.
Conceptual details of this system are given in the 100 Area Past Practice Site Cleanup and
Restoration Conceptual Study (WHC 1991e).

The disposal systems defined for Alternatives SW-4, SW-5, and SW-6 provide the
opportunity to examine and compare the use of both on-site and off-site disposal
strategies. Major unit operations and the objectives of their use for each alternative are
discussed below:

Alternatives SW-4, SW-5, and SW-6 Removal:

The objectives of Alternatives SW-4, SW-5, and SW-6 are common, i.e., removal
of solid waste by excavation and demolition followed by disposal.

Commercially available, large scale mining/construction equipment would
be used to excavate solid waste and demolish structures (for ease of
handling, packaging and transporting). The solid waste and demolition
debris would be sorted by activity level and packaged in bulk containers
for transport to the disposal site. Sorting would be accomplished by
specialized excavator attachments (e.g. grapples). Sorting by activity level
would be based on field screening instrument measurements of
radioactivity using either hand-held instruments or instruments attached to
excavator booms.

Size of waste forms would be reduced only to the extent necessary to fit
bulk containers. Size reduction would be accomplished by excavator
attachments such as shears, hammers, and pulverizers. Large diameter
pipe would not be containerized but would be cut (with mobile shears),
wrapped in plastic sheeting, and transported on racks. Dust control
measures including containment structures, if necessary, would be provided
to assure worker and environmental protection during remediation.

Alternative SW-4 Disposal:

* On-site vaults located at the Hanford 200 Area are defined for disposal of
high-activity radioactive and mixed wastes. Low-activity radioactive and
mixed wastes would be placed in disposal trenches or pits at the 200 Area.

* The Hanford Barrier would be used for final capping of the 200 Area
radioactive (and mixed) waste disposal sites. The RCRA multi-media cap
would be used to close the 200 Area sites containing only hazardous
wastes.
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Alternative SW-5 Disposal:

Off-site disposal is specified for all wastes. High and low activity
radioactive and mixed wastes would be sent to disposal sites at other DOE
facilities. Hazardous waste would be shipped to RCRA landfills, in
accordance with current practice. A facility located in Arlington, Oregon,
is currently used for this purpose, since no active RCRA landfills are
currently operating in the State of Washington.

Alternative SW-6 Disposal:

* On-site vaults located at the Hanford 200 Area are specified for disposal
of high-activity radioactive and mixed wastes. All other wastes would be
shipped to new on-site RCRA permitted landfills for disposal.

* The Hanford Barrier and the RCRA multi-media cap would be used as
necessary for capping the 200 Area disposal sites.

Flow Rates and Composition. Solid waste consists of combustibles, metal, and
demolition debris contaminated primarily with low to moderate levels of radionuclides.
Table 5-2 lists total volumes of solid wastes that would require excavation/demolition.
Composition data are provided in Section 1.0. An excavation/demolition rate of
approximately 2,500 LCF per hour must be achieved in order to meet the TPA
milestones, assuming a 20 year remediation period. This cumulative flow rate consists of
the components listed in Table 5-3.

Disposal Distances and Methods. The proposed disposal methods for these
alternatives include both on-site and off-site disposal options. Vaults and trenches/pits
are proposed for use at the Hanford 200 Area. The Hanford Barrier and RCRA multi-
media cap are specified for use, where appropriate, to cap these disposal sites. One
RCRA landfill in the State of Oregon is currently being used for disposal of Hanford
Site hazardous wastes. The Nevada Test Site (NTS), which is approximately 1,000
highway miles away from the Hanford Site, is one potential location for a mixed waste
disposal facility.

5.3.2.4.2 Evaluation. Alternatives SW-4, SW-5, and SW-6 all involve excavation
of buried wastes, demolition of structures, and removal of the waste. No waste
treatment is specified. In general, reduction in the number of disposal sites is
advantageous. However, the waste remains untreated so these alternatives are less
desirable than alternatives involving waste treatment.

The short-term effects are given medium scores reflecting significant exposures to
operations personnel during excavation, demolition, and removal. The long-term effects
are definite improvements over Alternative SW-3 due to the greatly improved disposition
of buried wastes. Subsidence of the waste is not expected to be a problem for these
alternatives.
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Although the cap provides some improvement, the waste is not modified in form.
Therefore the reduction of mobility factor was scored in the low to medium range.

The Alternative SW-4 system is relatively easy to construct using available
equipment; availability of services and specialized equipment factors were generally
scored high. Constructability was scored somewhat lower due to the large volumes to be

moved and the problems of excavation in a radioactive environment. Reliability was
downgraded for the same reasons. However, the alternative requires no long-term
maintenance, so it scored in the medium to high range for this factor.

Alternative SW-4 is better than Alternative SW-3 for agency approval and was
given medium scores. However, all waste remains on-site and untreated (potentially not
in compliance with the RCRA Land Disposal Restrictions) so public and agency
acceptance could be limited.

In Alternative SW-5, the excavation, demolition, and removal phases present
similar hazards to workers as the previous alternative. However, transport of large waste
volumes off-site would have a substantial impact on safety. Acceptance of an off-site
disposal site by the public is an additional concern.

This alternative is the least desirable for short-term effects and is scored
substantially below Alternative SW-4. Waste is retrieved and shipped the greatest
distance. The alternative also assumes that an identified disposal site would have
favorable geology and that the long-term effects would be acceptable at that location.
An intermediate score was assigned to reduction in mobility because the waste is merely
removed with no change in the waste form.

Constructability, operational reliability, and maintenance were scored similar to
Alternative SW-4, with a minor reduction for the transportation factor. The unlikelihood
of identifying an off-site disposal facility resulted in low scores for availability of services.

Specialized equipment was given a medium score because of the problems of
transporting the large volume of material.

Agency approval was scored low because of public resistance expected at potential

disposal sites and along the transport routes. The low score for cost reflects the high
cost of transport to a remote location.

Alternative SW-6 is essentially the same as Alternative SW-4, modified with
RCRA-type landfills for the low activity waste. Most of the scoring is very similar to
Alternative SW-4. Problems associated with the limited lifetime of the RCRA liners
cause some scoring differences from Alternative SW-4.

The liner is expected to improve the reduction in mobility factor over that of

Alternative SW-4 so some improvement was noted there. The maintenance factor was
lower due to the potential for routine maintenance on the liner. The cost factor is lower
for this reason and for the increased transportation risk.
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5.3.2.5 Alternatives SW-7 and SW-8: In situ Treatment for Solid Waste.

5.3.2.5.1 Description. Two alternatives have been developed for the in situ
treatment general response action for solid waste.

Alternative SW-7:

0 Physical Treatment: Dynamic Compaction

* Stabilization/Solidification: Vibration Aided Grout Injection

0 Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous waste disposal sites)

0 Monitoring: 100 Area groundwater.

Alternative SW-8 is a variation of Alternative SW-7, where dynamic compaction is

not used:

Alternative SW-8:

* Stabilization/Solidification: Vibration Aided Grout Injection

* Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous waste disposal sites)

* Monitoring: 100 Area groundwater.

Size and Configuration. Refer to Section 5.3.2.4.1 for a discussion of the solid
waste volumes and components. Figure 5-4 provides a conceptualization of the
operations required for Alternative SW-7.

Alternatives SW-7 and SW-8 Unit Operations.

. The initial operation for Alternative SW-7 involves solid waste site
stabilization by dynamically compacting the soils (above buried waste) and
the solid wastes. This operation reduces bulk waste volume and reduces
permeability relative to the surrounding soil. Dynamic compaction is
accomplished by repeated lifting and dropping of a large weight, via a
crane, onto the soil above a buried waste site.

* The second operation for Alternative SW-7 (and the initial operation for
Alternative SW-8) is vibration aided grout injection. I-beams are driven
through the soil around the perimeter of the site. A pipe running the

length of the I-beam is used to transport grout to an injection nozzle.
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Grout is injected while simultaneously extracting and vibrating the I-beam.
Grout is thus forced into the solid waste void spaces and cavities, where it
solidifies and encapsulates contaminants into a monolithic concrete block.

The final operation for both Alternative SW-7 and Alternative SW-8 is site
closure by installation of either the Hanford Barrier or the RCRA multi-
media cap depending upon the type of waste. The Hanford Barrier
consists of a series of layers of natural material that act synergistically to
seal the site. The initial layer consists of large rocks and boulders (rip-
rap). Layers of coarse stone, sand, and soil are then added in progression
to form a mounded cap. Native vegetation is then planted on the cap to
control erosion and to control infiltration of moisture through
evapotranspiration. The RCRA cap is similar to the Hanford Barrier in
that the design relies on multiple layers to prevent water infiltration.

* Not all solid wastes in the 100 Area are directly amenable to the in situ
treatment methods proposed in these alternatives. Pipelines and
structures, for example, would not be dynamically compacted, and it is not
conceivable that pipelines would be capped in-place with the Hanford
Barrier. Some limited demolition of above ground structures and pipeline
systems would be required for such structures.

Composition. Treatment is in situ, therefore, flow rates for waste treatment are
not applicable. The in situ treatment rate, however, must be specified to complete
activities by 2018. The total buried waste inventory which is subject to remediation by
Alternatives SW-7 and SW-8, as shown in Table 5-2, is approximately 46 million LCF.
The quantity of non-buried waste (e.g., pipelines and structures) amounts to about 104
million LCF; such would require some demolition prior to application of in situ
stabilization methods. No assumption is made as to the amount of surrounding media,
which would also be stabilized and solidified as part of this action.

Disposal Distances and Methods. The disposal method for both Alternatives SW-
7 and SW-8 is in situ. Solid wastes are encapsulated in grout, and the environment is
further protected from exposure by either the Hanford Barrier or RCRA multi-media
cap. Limited demolition and excavation is required by necessity to prepare some solid
wastes (i.e., structures and pipelines) for in situ stabilization and solidification. Such
waste could be buried adjacent to the waste sites. The excavated waste or demolition
debris handled in this manner would require stabilization by dynamic compaction and/or
grouting and capping in the same manner as waste which was never moved. Sites
stabilized in accordance with Alternatives SW-7 and SW-8 also offer the added benefit of
protection from long-term subsidence. This would ensure the long-term effectiveness of
the Hanford Barrier or RCRA cap by preventing ponding of precipitation which could
potentially mobilize contaminants by leaching.

5.3.2.5.2 Evaluation. The dynamic compaction step of Alternative SW-7 is
intended to reduce the potential for subsidence and the subsequent impact on the
Hanford Barrier or RCRA multi-media cap. Grout injection fills voids in the waste,
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again reducing the possibility of subsidence. Both compaction and grouting are assumed
to be imperfect, but would still be an improvement over Alternative SW-3. The
disadvantage of the large number of sites which must be treated remains.

Short-term effects are relatively good and scored medium to high because the
exposure to workers is limited during operation on the unexcavated solid waste. Short-
term protection of the environment is better than Alternative SW-3 primarily because
extensive run-on control is not required. Long-term effects were judged to be medium
because, although the waste is protected, it has not changed form. The compaction and
grouting were judged to reduced mobility and scored higher than Alternative SW-3,
which only involved capping.

The combination of the capping and grout injection was given a medium score for
reduction in mobility, a significant improvement over Alternative SW-3 which uses only
the barrier.

The constructability scored lower than Alternative SW-3 due to the anticipated
problems and specialized nature of the grout injection. Similarly, scores for operational
reliability, services, and specialized equipment are reduced from the scores of
Alternative SW-3.

Agency acceptability was scored slightly higher than for Alternative SW-3, but the

large number of waste sites and the minimal change in waste form keep the score at
medium. Although the caps are not expected to require routine maintenance in this
application, the expense of the compaction and grouting services are expected to keep
costs high, resulting in an overall assessment of a medium score.

Since the value of the compaction step was judged to be limited, most
Alternative SW-8 scores were very similar to those of Alternative SW-7. Limited credit
was taken for the value of the grout which changed the scores only minor amounts.

5.3.2.6 Alternatives SW-9 and SW-10: Removal, Treatment, and Disposal Alternatives
for Solid Waste

5.3.2.6.1 Descriptions. Two alternatives have been developed for this general
response action.

Alternative SW-9:

* Removal: Excavation and Demolition

* Thermal Treatment:
- Thermal desorption (treatment for hazardous organically

contaminated wastes only; this unit operation might require a
shredder for feed preparation)

* Physical Treatment:
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- Size reduction by compaction (non-organically contaminated
combustibles and other compactible materials only)

* Stabilization/Solidification:
- Cement-based (non-organically contaminated non-compactible

materials and thermal desorber residues only)

* On-Site Disposal:
- Vaults (high-activity radioactive and mixed waste)
- Trenches/pits (low-activity radioactive and mixed waste)

* Capping:
- Hanford Barriers (radioactive and mixed waste disposal sites)

Alternative SW-10:

* Removal: Excavation and Demolition

* Thermal Treatment:
- Incineration (treatment for hazardous organically contaminated

materials and combustible wastes. This unit operation requires a
shredder for feed preparation)

* Stabilization/Solidification:
- Bitumen-based (inert materials and ash only - no hazardous

organically contaminated materials)

* On-Site Disposal:
- Vaults (high-activity radioactive and mixed waste)
- Trenches/pits (low-activity radioactive and mixed waste)

* Capping:
- Hanford Barriers (radioactive and mixed waste disposal sites)

Size and Configuration. Size and configuration are the same as.discussed in
Section 5.3.2.4.1 for Alternatives SW-4, SW-5, and SW-6. Alternatives SW-9 and SW-10
require remediation facilities capable of treating approximately 2,500 LCF/hr (on
average) of solid wastes contaminated with radionuclides, heavy metals, and potentially
organic contaminants. Process flow diagrams for the remediation processes of
Alternatives SW-9 and SW-10 are presented in Figures 5-5 and 5-6. Major unit
operations for each alternative are discussed below.

Alternative SW-9 Unit Operations. Figure 5-5 is a conceptual process flow
diagram representing the removal, treatment, and disposal unit operations of Alternative
SW-9. A description of each unit operation and its function is presented below.
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* The excavation/demolition system proposed for removal of solid waste is
common to both Alternatives SW-9 and SW-10 and is basically the same as
described for Alternatives SW-4, SW-5, and SW-6. Refer to Section
5.3.2.4.1 for the description.

* The initial unit operation for volume reduction of combustible waste and
miscellaneous material with large amounts of void volume such as pipe is
supercompaction. Packaged waste (from excavation/demolition
operations) of a composition amenable to supercompaction would be
processed in this step; all other heterogeneous waste mixes would be
processed by stabilization/solidification, as described below.

* Organically contaminated solid wastes would be treated in a two-stage
thermal desorber. The initial stage consists of an externally fired chamber
in which organic compounds are vaporized. The vapors are then oxidized
in a secondary combustion chamber, and off-gases are scrubbed to remove
acid gases such as HCl, and vented to the atmosphere. Residues
generated from the off-gas treatment process would be prepared for
disposal by stabilization and solidification. The thermal desorber would
also be designed to accept liquid wastes by injection into the secondary
combustion chamber as a contingency should drums of organic liquids such
as paints and solvents be encountered.

* Upon excavation, intact drums are set aside from the main excavation
operation. These are subsequently opened, sampled, and analyzed for
volatile organics and radioactivity. Drums not containing volatile organics
are shipped to the 200 Area disposal site. Drums containing volatile
organics are treated by low-temperature thermal desorption in the same
manner as described above for other organically contaminated wastes.

* Residues from the thermal desorption process and all other solid wastes
including off-gas treatment residues would then be stabilized for disposal
by solidification in a cement-based matrix. The stabilization and
solidification process might be accomplished, for example, in a batch-
operated mixer, which discharges a mixture of waste components and grout
(consisting of cement and additives as appropriate) into disposal
containers.

* The previous unit operations result in compacted and solidified forms of
treated waste requiring disposal. On-site vaults located at the Hanford 200
Area would be used for disposal of high-activity radioactive and mixed
wastes. Low-activity radioactive and mixed wastes would be placed in
trenches or pits which would also be located in the 200 Area.

* The Hanford Barrier would be used as required for closure of disposal
sites.
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Alternative SW-10 Unit Operations. Figure 5-6 provides a conceptual process
flow diagram of the removal, treatment, and disposal unit operations of Alternative SW-
10. A description of unit operations and their functions which are unique to this
remediation concept are presented below:

* The incineration unit operation of Alternative SW-10 replaces both the

supercompaction and thermal desorption unit operations of Alternative
SW-9. Combustibles, organically contaminated solids, and organically
contaminated materials from intact drums would be incinerated in a two-
stage rotary kiln. The feed material must be prepared by size reduction in
a shredder prior to combustion. The initial stage of the rotary kiln may be
operated in either an oxygen rich or oxygen deficient atmosphere. The
secondary combustion chamber operates oxygen rich to complete the
oxidation of kiln gases and may be equipped with liquid-feed spray nozzles
for liquid wastes. Residues generated from the off-gas treatment process
would be prepared for disposal by stabilization and solidification. The
rotary kiln was selected at this level of definition because it is the most
flexible design for heterogenous solid waste forms. Waste characterization
may result in design requirements for an incineration system consisting of
more than one incineration device that is designed to thermally treat
different types of waste forms.

* Incineration residues and all other solid wastes (including off-gas treatment
residues) would then be stabilized for disposal by solidification in a
bitumen-based matrix. The stabilization and solidification process may be
accomplished in a batch-operated mixer that discharges a mixture of waste
components and heated bitumen into disposal containers.

* Alternative SW-10 treatment operations result in a bitumen-encapsulated
waste form requiring disposal. On-site vaults located at the Hanford 200

Area are specified for disposal of high-activity radioactive and mixed
wastes. Low-activity radioactive and mixed wastes would be placed in 200
Area trenches or pits.

* The Hanford Barrier would be used for closure of disposal sites.

Flow Rates and Composition. See the discussion given for Alternatives SW-4,
SW-5, and SW-6.

Disposal Distances and Methods. The disposal method for both alternatives is
on-site disposal at the Hanford 200 Area. Wastes that must be sent to the Hanford 200

Area result from solidification of solid wastes and thermal treatment residues. The
disposal method selected for stabilized and solidified waste forms is dependent on the
activity of the waste; vaults are used for high-activity radioactive and mixed waste, and
trenches/pits are used for low-activity radioactive and mixed waste. The Hanford
Barrier is specified for use, where appropriate, to seal disposal sites.
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5.3.2.6.2 Evaluation. Alternative SW-9 is one of the alternatives providing waste
form modification. Although this alternative results in a much improved waste form, the
scale of required operations is large and costs will be high.

The short-term effects require demolition and retrieval followed by extensive
treatment, so these scores are low to medium. However, the short-term effects are still
judged to be better than for Alternative SW-5, which called for off-site shipment. Long-
term effects and reduction in waste mobility factors are given high scores.

Constructability, reliability, availability of services, and specialized equipment all
rated average scores, reflecting the complexity and special nature of the large-scale
processing equipment.

Maintenance needs were scored in the average range for this alternative due to
the stage of development for process options in this application.

The cost of processing will be very high and is reflected in low scores.

Alternative SW-10 differs from Alternative SW-9 in that combustible and
organically contaminated wastes are incinerated, and residues are stabilized in bitumen
instead of cement. Incineration leads to a more stable waste form than Alternative SW-
9, but the regulatory approvals are expected to be more difficult. Bitumen is assumed to
be a stable waste form.

In general, the scores were very similar to those of Alternative SW-9, except for
agency approval. The incinerator was thought to be more difficult to permit than the
thermal desorber of Alternative SW-9.

5.3.3 Groundwater Alternatives

5.33.1 Alternative GW-1: No Action for Groundwater

5.3.3.1.1 Description. As explained in Section 4.0, the no action alternative is
required by the NCP to serve as a baseline for evaluation of other alternatives. The no
action alternative can also be applied to sites where contamination does not exceed the
level of unacceptable risk and/or is in compliance with ARARs. This alternative
represents a situation where no restrictions, controls, or active remedial measures are
applied to the site and thus the contamination is allowed to dissipate through natural
attenuation processes. The acceptability of this alternative would depend on a risk
assessment.

5.3.3.1.2 Evaluation. This alternative involves no monitoring and no controls and
is evaluated as a requirement of the NCP for the feasibility study process. As in the case
of Alternative SW-1, a risk assessment would make the evaluation of such an alternative
more quantitative.
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Short-term effects are scored in the low to medium range since there would be no
worker exposure, and the groundwater is not readily accessible in the undisturbed state.
In the absence of a risk assessment, the long-term effects are assumed to be very poor
and the release of contaminants to the environment are Presumed to continue. This
alternative provides no benefits to reduction of contaminant mobility.

The three factors related to construction and reliability are all given high scores
because no equipment of any sort is required. Similarly, the alternative was given a high
score for cost because, essentially no costs are associated with this alternative.

This alternative was given low scores for agency approval; the alternative is
unlikely to actually meet the RAOs.

5.3.3.2 Alternative GW-2: Institutional Actions for Groundwater

5.3.3.2.1 Description. The institutional action alternative (designated Alternative
GW-2) for groundwater involves restricting access to contaminated sites within the
Hanford 100 Area, but restrictions are unique to the media. Types of restrictions are
defined as follows:

Water-rights restrictions limit access to contaminated groundwater. The
water-rights restrictions could be imposed by deed restrictions, as discussed
below, or by designated use should the title to the 100 Area remain with
the federal government. Water-rights restrictions merely designate to what
degree (if at all) 100 Area groundwater could be used for irrigation,
drinking water, or for industrial activities. This action may require an
additional change in water-rights administrators to make it effective. At
this time no water-right is necessary if consumptive use is less than 5,000
gal/day.

* Deed restrictions are used to institute restrictions to groundwater use.
Restrictions specify acceptable groundwater uses and may take the form of
covenants that limit activities resulting in human contact. Deed
restrictions may include prohibition of groundwater use and limitations to
farming, grazing, and industrial activity.

* Water taken from the Columbia River or from wells in unaffected areas
would be used to replace groundwater for industrial, domestic, and
agricultural purposes.

In addition to restricting groundwater use and access to groundwater, the
institutional-action alternative also includes groundwater and environmental monitoring.

5.3.3.2.2 Evaluation. Institutional controls and the use of an alternative water
supply provide an improvement over the no action alternative. Continued monitoring is
assumed and would probably be required in perpetuity.
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The short-term effects are assumed to be acceptable based on the monitoring, and
no worker exposure is associated with groundwater retrieval. Therefore, an intermediate

to high score is assigned. Long-term effects, such as release of the contaminants to the

river, result in low scores. Since no reduction in mobility is achieved with this

alternative, a score of "1" was given by all project team members.

Constructability, maintainability, availability of services, and special equipment
were all given high scores because the replacement water supplies and legal instruments
necessary for this alternative are all readily available. Medium to high scores were
assigned for maintenance because of the need for perpetual care. This alternative was

given low to medium scores for agency approvals due to the potential for not meeting
RAOs. The monitoring and institutional controls, however, are considered an
improvement over no action.

A high score was given for cost due to the low costs associated with
implementation of the institutional controls.

5.3.3.3 Alternative GW-3: Containment Actions for Groundwater.

5.3.3.3.1 Description. A single alternative has been developed for containment of

contaminated groundwater.

Alternative GW-3:

* Vertical barrier: Slurry walls
* Hydraulic control: Extraction wells (also used for injection purposes).
* Monitoring: 100 Area groundwater.

Size and Configuration. The containment response action could be implemented
in a number of different ways. Vertical barriers could be built around the perimeters of

known plumes or around specific groundwater operable units. Similarly, the
extraction/injection well hydraulic control system could be designed only to prevent
influx to operable units or to prevent influx to the entire site. Modeling and economics
analysis would be required to determine optimum containment characteristics such as

slurry wall location and the number and location of extraction/injection wells. It is
assumed for the purposes of this feasibility study that the containment alternative is

implemented as follows: slurry walls would be built to prevent migration of contaminant
plumes to the depth of a confining member, such as basalt or clay; groundwater
extraction wells would be placed to intercept clean groundwater upgradient from
contaminant plumes. The clean groundwater would be reinjected in a suitable location,
preventing contact with contaminated groundwater. Slurry walls would be constructed of
the most durable material possible in order to retain long-term effectiveness. A cement-
based slurry would form a low-strength concrete barrier when combined with the cobbles
and gravel present in 100 Area soils, which would exhibit better long-term performance
than a clay-based slurry. The depth of slurry walls would vary; for example, Figure 1-4
(in Section 1.0) indicates that at the 100-B/C Area, depth to the upper aquitard blue-clay
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layer (part of the Ringold Formation) is approximately 160 feet. The concept of
Alternative GW-3 is presented graphically in Figure 5-7.

Containment Objective. The objective of containment is to prevent migration of

contaminated groundwater to environmental resources, such as the Columbia River and

to uncontaminated aquifers. Thus the intent is to prevent introduction of contaminants
to sources of drinking (or irrigation) water. Groundwater would be isolated by
extraction of clean groundwater upgradient of contaminated plumes and reinjected
elsewhere.

Disposal Distances and Location. Waste disposal is not applicable to Alternative
GW-3. Hydraulic control (extraction) wells would remove uncontaminated groundwater
from around the perimeter of the contaminant plumes. This water would be utilized in

downgradient hydraulic control (injection) wells. While utilization of hydraulic control

wells would require management of the extracted water, injection of this water does not

constitute disposal of removed contamination.

5.3.3.3.2 Evaluation. Construction of slurry walls to depth and hydraulic controls

have been demonstrated, but the depth and overall dimensions of slurry walls required at

the Hanford 100 Area are unusual. A large volume of clean groundwater would be

required for hydraulic control.

The moderate score for short-term protection reflects the general inaccessibility of

the groundwater. Long-term effects are only slightly lower due to the uncertainty of the
actual risks involved when the groundwater reaches the river in dilute state. The low to
medium score for reduction of mobility is an indication of the uncertainty of the actual

effectiveness of the alternative.

The alternative was also given relatively low scores for constructability and
maintainability due to the problems associated with installation and maintenance of the

deep slurry walls. The services and specialized personnel factors were scored somewhat
higher, indicating a belief that the technology is available. The alternative was given a

low score for maintenance because maintenance of the slurry walls and pumping system
would be required in perpetuity.

A medium to low score for agency approval reflects a poor probability that
regulatory agencies would approve an alternative requiring perpetual care. Similarly, the
cost of perpetual care resulted in the assignment of low to medium scores for the cost
factor.

5,3.3.4 Alternative GW-4: In Situ Treatment for Groundwater.

5.3.3.4.1 Description. A single alternative has been developed for the general
response action of in situ treatment of groundwater.
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Alternative GW-4:

* Biological Treatment: Biodenitrification (nitrates)

* Physical Treatment: Air stripping (followed by venting of organics to the
atmosphere).

* Monitoring: 100 Area groundwater.

Figure 5-8 conceptualizes the in situ treatment processes of Alternative GW-4.

Size and Configuration. Alternative GW-4 is specified to treat nitrate plumes,
isolated areas of organic contamination, and dissolved heavy metals/radionulcides in situ.
The Hanford Ground Water Cleanup and Restoration Conceptual Study (WHC 1991d)
indicates that nitrate plumes of significant size are present at each of the reactor sites
(WHC 1991d, Appendix A, Figures A-6 through A-11). Maximum concentration of
nitrates ranges from 48,400 pg/L at the B/C Area up to 524,000 pg/L at the H Area
(refer to Table 1-17 in Section 1.0 of this report). Also refer to Tables 1-16 and 1-17 for
information on heavy metals and radionuclides.

The location of organic contamination in 100 Area groundwater is not as well
defined as nitrate. Information presented in Table 1-18 indicates the presence of some
halogenated compounds in groundwater at both the H and N Areas. In addition to the
halogenated compounds, the N Area groundwater also contains Arochlor 1016,
Arochlor 1221, and benzene in concentrations greater than drinking water standards
(Table 1-19).

Alternative GW-4 Unit Operations. The treatment objectives of Alternative
GW-4 include in situ remediation of nitrates and VOCs. Process operations required
for remediation are described below. Note that air stripping is not effective in stripping
Arochlors from groundwater.

* Nitric acid has been used extensively for decontamination of reactor
components. In situ biodenitrification would reduce nitrates to elemental
nitrogen (which would then be released from groundwater for venting to
the atmosphere). The denitrification process takes place according to the
following simplified reaction:

Bacterial Metabolic Process

N03, N2 t

Nutrients and bacteria culture must be injected into the nitrate
contaminated aquifer. The bacterial life cycle metabolic processes require
oxygen which is stripped from nitrate.
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Air stripping followed by venting of volatile organic compounds (VOC) to
the atmosphere is proposed for removal of organic contamination. Wells
(trenches would also be appropriate) would be constructed in
contaminated areas such as at the H and N Areas. Air would be bubbled
through the groundwater, and VOCs would be subsequently stripped from
the aqueous phase into the gas phase.

Flow Rates and Composition. Contamination is treated in place for Alternative
GW-4. Nitrogen resulting from biodenitrification and hydrocarbon contaminants
mobilized by air stripping would be vented to the atmosphere. If ARARs prohibit
venting to the atmosphere, other process options such as vacuum extraction would be
required. Engineering and treatability studies would be required to determine well (or
trench) locations and quantity, injection rate of air, and effectiveness in removing VOCs.
Similarly, injection rate, type of nutrients, bacteria culture, and location of injection wells
must be determined by groundwater modeling and treatability studies for
biodenitrification. Development work for in situ chemical precipitation is needed to
determine the most appropriate reagents and the means of assuring adequate mixing of
the reagent(s) with the groundwater.

Disposal Distances and Methods. In situ processes do not require waste disposal.

5.3.3.4.2 Evaluation. Alternative GW-4 provides nitrate and VOC stripping but
does not remediate metals or radionuclides. Although the in situ alternative has some
favorable features, the partial treatment makes it an incomplete solution.

Medium effectiveness scores were given for both long- and short-term
effectiveness. Venting of VOCs to the atmosphere was considered a negative factors
keeping the short-term effectiveness scores from being higher. Similarly, long-term
effectiveness and reduction of mobility factors were only given medium scores because of
the limited applicability of the alternative.

Constructability, reliability, and specialized equipment were also given medium
scores because of the uncertainty of biological treatment effectiveness for such
contaminants as chlorinated organics and because of the. large number of relatively deep
stripper wells potentially required.

Permitting agencies were judged to favor the in situ alternative (as applied to
nitrates and organics) and the scoring was in the medium to high range. The cost was
judged to be high due to the number and depth of stripper wells.

5.3.3.5 Alternatives GW-5 and GW-6: Removal, Treatment, and Disposal Alternatives
for Groundwater.

5.3.3.5.1 Descriptions. Two alternatives have been developed for this general
response action.
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Alternative GW-5:

* Removal: Extraction wells

* Biological Treatment:
- Biodenitrification (nitrates)

* Chemical Treatment:
- Chemical oxidation (organics)
- Precipitation (heavy metals and radionuclides)
- Chemical reduction (hexavalent chromium)

* Physical Treatment:
- Media filtration (remove precipitates)
- Ion exchange (polishing and any remaining inorganic contaminants)

* Stabilization/Solidification:
- Cement-based solidification of secondary waste streams

* Disposal:
- Reinjection into the aquifer (Disposal for S/S residues: Vaults-high-

activity radioactive and mixed waste; trenches/pits - low-activity
radioactive and mixed waste; trenches/pits to be capped with the
Hanford Barrier

* Monitoring: 100 Area groundwater.

Alternative GW-6:

* Removal: Extraction wells

* Biological Treatment:
- Biodenitrification (nitrates)

* Physical Treatment:
- Air stripping/carbon adsorption (organics)
- Forced evaporation (for volume reduction)
- Media filtration (remove concentrated solids)
- Reverse osmosis (polishing and any remaining inorganic

contaminants)

* Stabilization/Solidification:
- Cement-based solidification of secondary waste streams
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Disposal:
- Crib disposal (Disposal for S/S residues: Vaults-high-activity

radioactive and mixed waste; trenches/pits - low-activity radioactive
and mixed waste; capped with Hanford Barrier).

Monitoring: 100 Area groundwater.

Size and Configuration. The volume of contaminated groundwater potentially
requiring treatment has been estimated as 4.8 billion gallons (refer to Appendix D). The
extraction system design (for Hanford 100 Area contaminated groundwater plumes)
presented in the Hanford Ground Water Cleanup and Conceptual Study (WHC 1991d)
proposes a line of 255 extraction wells (Table C-1 of the report), located approximately
300 feet from the Columbia River. A 50-gpm pump was specified for each well.
Modeling of the groundwater hydrology in this study resulted in a requirement for a
cumulative extraction rate of 5,760 gpm (see Table 5-4 for derivation), in order to
intercept contaminated plumes before contact with the Columbia River.

Alternatives GW-5 and GW-6 would require remediation facilities designed to
treat 5760 gpm of groundwater contaminated with nitrates, hexavalent chromium,
radionuclides, and potentially, other contaminants such as organics and heavy metals.
Primary components of the unit operations required for both alternatives are presented
schematically in Figures 5-9 and 5-10.

Alternative GW-5 Unit Operations. Figure 5-9 is a conceptual flow diagram of
the unit operations proposed for Alternative GW-5. Each unit operation and its function
is described below:

* The extraction system consists of 255 extraction wells equipped with 50-
gpm pumps throttled to achieve a cumulative extraction rate of 5760 gpm.

* Groundwater is pumped to a storage tank to allow flow equalization and
to allow particles-that may interfere with the efficiency of subsequent unit
operations-to settle.

* A chemical oxidation system for organic contamination is the initial unit
operation in the treatment system. Groundwater and reagents, such as
combinations of hydrogen peroxide and ozone, are pumped into a process
vessel where organic contaminants are oxidized (the reaction is enhanced
by ultra violet light). Simplified reaction (for a hydrocarbon) of this
process is:

CfI,+H2O2 /O3- xCOt + { H20
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Following chemical oxidation, a source of carbonate ion (other reagents
such as phosphates could also be used), and pH adjustment would be
required depending on the chemical species which require treatment).
The reagent is added to the process stream in a continuously stirred
continuous flow (CSCF) reactor vessel. Addition of carbonate (at slightly
elevated pH) or phosphates causes precipitation of reagent-specific
radionuclides. An example of a precipitation reaction for strontium-90 as a
carbonate salt, occurs as described by the following simplified reaction:

"Sr + CO3 -. 9SrCO3 4

* Clarifiers are used to concentrate precipitates by dewatering. Clear-water
overflows from the clarifier and a concentrated stream containing
suspended solids then flows to a rotary drum filter unit. A material such
as diatomaceous earth is added to the waste stream to aid in the filtration
process. The rotary drum filter is specified because it requires less hands-
on operation than do other filter types (such as plate and frame filter
presses).

* The next unit operation is specified for chemical reduction of hexavalent
chromium (which is very soluble) to the trivalent oxidation state (which is
highly insoluble). An acidic solution of ferrous sulfate is added to the
process stream in a CSCF reactor vessel. The hexavalent chromium
precipitates as a sulfate salt, according to the following redox reaction:

Cr2 O.~+ 6Fe2 + 6SO'- 14H*- 2Cr (S02~3 1 + 6Fe3

* Biodenitrification is proposed for reduction of nitrates to elemental
nitrogen which may then be vented to the atmosphere. Clarified effluent
from the hexavalent chromium reduction process flows to a
biodenitrification reactor vessel where the denitrification occurs according
to the following reaction:

Bacaeria Memabolic Process

NO) -1 N2 t

* Some radionuclide species such as cesium-137 and technetium-99 are not
readily precipitated (either by pH adjustment or by redox). Ion exchange
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is the final unit operation applied to treat this type of contaminant. Both
cation and anion exchange resins are specified to remove primary
contaminants and also to polish the water prior to discharge. Ion exchange
resins require regeneration by stripping with high-concentration salt, acid,
or other reagent solutions. The regeneration loop results in a large
amount of secondary waste that must be treated and solidified prior to
disposal.

* Residues are generated from filtration and ion-exchange regeneration steps
described above. Prior to disposal, all residues would be solidified with
cement.

* At this point, two waste streams are ready for disposal. The treated
groundwater still contains tritium and would be reinjected into a 200 Area
aquifer to allow sufficient travel time for natural attenuation of the tritium
before it reaches the river. Solidified waste residues would also be sent to

the 200 Area for disposal. Vaults would be used for high-level radioactive
and mixed waste, and trenches or pits are specified for low-level
radioactive and mixed waste. The Hanford Barrier would be used to cap
all trenches/pits used for waste disposal.

Alternative GW-6 Unit Operations. Alternative GW-6 unit operations are all

physical treatment options with the exception of biodenitrification. Figure 5-10 provides

a conceptual flow diagram of the unit operations proposed for Alternative GW-6. This
alternative differs from Alternative GW-5 in that physical treatment unit operations are
not as contaminant specific as chemical treatment unit operations. Unit operations not
described previously and their function in the remediation strategy are described below.

* Air stripping followed by carbon adsorption unit operations is proposed for
remediation of VOCs. Groundwater and air are fed counter-current to

each other in a packed bed (or tray) stripping column. Organic
constituents are stripped from the aqueous phase into the gas phase which
is then treated with organic carbon to prevent VOC emissions to the
atmosphere. Organics other than VOCs are not treated by this alternative.

* The initial unit operation is forced evaporation to reduce the volume of
water requiring treatment in subsequent unit operations. Enough water
may be evaporated in commercial power plant evaporator-dryers to

achieve 30 to 50 percent total solids. The vapor is then condensed and is

pumped to a disposal line.

* A rotary drum filter is used to remove concentrates from the evaporation-
dryer bottom waste stream. The concentrate would be solidified prior to
disposal.
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* Reverse osmosis would then be used on the filtered liquid effluent for
removal of remaining soluble inorganic contaminants, especially those of
higher molecular weight.

* Biodenitrification is specified for remediation of nitrates.

* Ion exchange is the final unit operation required, and both cation and
anion exchange resins are specified to polish the water prior to discharge.
Note that resin regeneration would result in a large amount of secondary
waste, requiring solidification prior to disposal.

* Cement-based solidification is proposed for residues from incineration (if
required), media filtration, reverse osmosis, and ion exchange.

* Two waste streams are ready for disposal. Treated groundwater still
contains tritium and would be released to the soil via a crib in the
Hanford 200 Area to provide sufficient travel time to the river to allow
natural attenuation of the tritium. Solidified waste residues would also be
sent to the 200 Area for disposal. Vaults would be used for high-activity
radioactive and mixed waste and trenches or pits are specified for low-
activity radioactive and mixed waste. The Hanford Barrier would be used
to close all trenches/pits used for waste disposal.

Flow Rates and Composition. Tables 1-17 through 1-19 in Section 1.0 of this
report provide the most recent analytical results for contaminants in groundwater.
Section 1.3.1.6.2 discusses contaminants which exceed the EPA's maximum contaminant
levels.

The Hanford Ground Water Cleanup and Restoration Conceptual Study (WHC
1991d), lists the estimated extraction rates and major contaminants by 100 Area plume
(refer to Table 2-2 of the referenced report). The extraction flow rates vary according to
the hydrology of the particular plume and the extent of contamination; for example, an
extraction rate of 800 gpm is required for the 100-DR-1 plume, which is contaminated
with strontium-90, tritium, chromium, and nitrates as primary contaminants. The
estimated extraction rate for all 100 Area plumes is summarized in Table 5-4 below.
Unit operations for Alternatives GW-5 and GW-6 may be specified with parallel trains
to avoid cross contamination, especially for waste streams containing tritium and waste
streams which are not radioactive.

Disposal Distances and Methods. The proposed disposal method for both
alternatives is on-site disposal at the 200 Area. The treated groundwater would be
reinjected into the aquifer for Alternative GW-5 and would be disposed into the soil via
a crib for Alternative GW-6. Both disposal methods would result in introduction of
tritium into the environment, and natural attenuation of this contaminant is considered
part of the remediation strategy since no practical treatment technology exists for tritium.
Residues resulting from secondary waste stream treatment, such as media filtration (both
alternatives), ion exchange (both alternatives), and reverse osmosis (Alternative GW-6),
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would be solidified and disposed of in the 200 Area. The method selected for waste
disposal is dependent on the activity of the waste. Vaults are specified for disposal of
high-activity radioactive and mixed waste, and trenches/pits are used for low-activity
radioactive and mixed waste. The Hanford Barrier is used to close the trenches or pits.

5.3.3.5.2 Evaluation. Groundwater would be remediated with a complex system
involving extraction wells and chemical, biological, and physical treatment followed by
solidification of secondary wastes. The solidified wastes would be disposed on-site and
treated water would be reinjected into a suitable aquifer.

Due to the dilute contamination in the groundwater, worker exposure would be
low in this treatment, and there would be only limited environmental disturbance.
Medium to high short-term protection scores result. The long-term protection and
reduction of mobility factors were all scored uniformly high as the contamination is
removed and concentrated in disposal facilities. Concern over reinjection of untreated
tritium kept the scores from being higher.

The alternative was judged to be relatively easy to construct using known
processing systems and was, therefore, scored medium to high. Services were scored
similarly, with only the scale of the problem inhibiting high scores. Due to the
substantial complexity of the processing system, only medium scores were assigned for
reliability and specialized equipment.

The problem of tritiated water reinjection kept the agency approval score only in
the medium to high range, even though the treatment system is thorough. The cost
factor score is very low, reflecting the high cost of this complex system.

In Alternative GW-6 a different treatment system is proposed to address all but
tritium in the groundwater. The alternative was given scores very similar to Alternative
GW-5 in all but two factors. Slightly lower scores for agency approval were assigned to
reflect concern over the impact of the very large evaporator systems. This same concern
kept the availability of services factor somewhat lower than for Alternative GW-5.

5.3.4 Soil and Riverbank Sediment Alternatives

5.3.4.1 Alternative SS-1: No Action.

5.3.4.1.1 Description. As explained in Section 4.0, the no action alternative is
required by the NCP to serve as a baseline for evaluation of other alternatives. The no
action alternative can also be applied to sites where contamination does not exceed the
level of unacceptable risk and/or is in compliance with ARARs. This alternative
represents a situation where no restrictions, controls, or active remedial measures are
applied to the site and thus the contamination is allowed to dissipate through natural
attenuation processes. The acceptability of this alternative would depend on a risk
assessment.
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5.3.4.1.2 Evaluation. This no action alternative for soils and riverbank sediments

was scored in a similar fashion to the two previous no action alternatives (Alternative
SW-1 for solid waste and Alternative GW-1 for groundwater). A major concern was

again raised in relation to the need for a risk assessment to confirm or override the

judgements made in the scoring.

Short-term effects are scored considering potential exposures to the populace and
worker exposure. Since there would be no worker exposure, and these sites represent

only a moderate exposure problem in the undisturbed state, short-term effects are given
an intermediate score. It is conservatively assumed that the long-term effectiveness is

very poor and that the potential for releasing contaminants into the environment is high,
although this may not be true for all sites. This alternative provides no benefits to
reduction of waste mobility.

The factors related to construction, reliability, availability of services, and

specialized equipment are all given high scores, which reflects the lack of requirement
for any special equipment. Similarly, the alternative was given a high score for cost
because essentially no costs are associated with this alternative.

This alternative was given low scores for agency approval because it is unlikely to

actually meet the RAOs.

5.3.4.2 Alternative SS-2: Institutional Actions for Soil and Riverbank Sediment.

5.3.4.2.1 Description. This alternative involves restricting access to contaminated
areas of soils and riverbank sediments within the Hanford 100 Area. Volume, toxicity,
and mobility of contaminants associated with soils and riverbank sediments are not

reduced by institutional actions. Access restriction to areas containing contaminated
soils and riverbank sediments (for example, cribs, disposal trenches, and drains) reduces
the potential for human exposure. The institutional actions include fences, deed

restrictions, and monitoring, the same as described for Alternative SW-2, in Section
5.3.2.2, Institutional Actions for Solid Wastes.

5.3.4.2.2 Evaluation. The limited effectiveness of institutional controls, even with

perpetual monitoring, generally results in a low composite score. As in the previous
alternative, a risk assessment is needed to confirm or refute the opinions indicated by
these scores. The scores for this alternative are very similar to those for Alternative
SW-2 using institutional controls for solid waste.

The short-term effects are assumed to be acceptable, based on monitoring, and
there is no worker exposure associated with retrieval. Therefore, intermediate scores are
assigned to these factors. It is conservatively assumed that the long-term effectiveness is

very poor and that the potential for releasing contaminants into the environment is high,
although this may not be true for all sites.

Constructability, reliability, availability of services, and special equipment all get
high scores because fencing, monitoring, and legal instruments are all readily available.
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An average score was assigned for maintenance because of the need for perpetual
care. Cost of this alternative is low, so the cost score is high. This alternative, similar to

Alternative SS-1, was given a low score for agency approval due to the potential for not

meeting RAOs.

5.3.4.3 Alternative SS-3: Containment Actions for Soil and Riverbank Sediment.

5.3.4.3.1 Description. A single alternative has been developed for containment of

soils and riverbank sediments.

This alternative is similar to Alternative SW-3, which applies to solid wastes.

Alternative SS-3:

* Run-On/Run-Off Control:
- Grading
- Diversion/collection
- Revegetation

* Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous-only waste disposal sites)

* Monitoring: 100 Area groundwater.

Size and Configuration. This containment action is intended to take advantage of
low-cost surface modifications to protect the integrity of contaminated soils and
riverbank sediments. The Hanford Barrier would be installed over buried wastes to
prevent erosion, breaching by burrowing animals and contact with precipitation. Other
areas of the site would be contoured (by grading) to aid in channeling precipitation away
from the wastes, thus ensuring adequate protection from erosion. Diversion and
collection would also be used to prevent runoff from ponding over the solid wastes
thereby reducing the potential for mobilization of contaminants by leaching. Native
species vegetation would be planted over capped areas and adjacent areas of disturbed
soil for erosion control.

Containment Objective. The objective of containment is to prevent mobilization
of contaminants that are adsorbed on soil particles as a result of erosion or leaching
mechanisms.

Disposal Distance and Methods. Containment implies in situ disposal, which
avoids the need for disposal facilities. Contaminated soils and riverbank sediments are
isolated in situ without waste treatment and are protected from mobilization with the
Hanford Barrier or RCRA Multi-media Cap, as required for the type of waste.

5.3.4.3.2 Evaluation. Run-on/run-off control, when coupled with the installation
of Hanford Barriers or RCRA caps, leads to a relatively "low tech" alternative. Without
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the potential for subsidence (as in the case of solid waste), there should be little to no
perpetual care for the Hanford Barrier for this application. It is anticipated that the
number of individual sites where Hanford Barriers or RCRA caps would be required is
very high. Multiple sites in close proximity may be more efficiently covered by one
Hanford Barrier or RCRA cap. The large number of sites/caps is a negative factor
when considering this containment alternative because individual, separately negotiated
permits might be required for each site.

Short-term effects were scored slightly higher than the previous two alternatives
because of the limited exposure of the workers to the low hazard problem and the
effectiveness of the Hanford Barrier. The short-term environmental effects are worse
than the short-term human health effects due to the disturbance associated with grading
for run-on/run-off control. The long-term effects are given low to medium scores
because the waste has not been modified or immobilized and the potential for
contaminant release remains. The alternative scores higher than either Alternatives SS-1
or SS-2 on reduction of mobility, because the Hanford Barrier and RCRA multi-media
cap will inhibit leaching and intrusion into contaminated zones.

The constructability factor was given high scores, reflecting the simplicity of the
alternative. Similarly, services and equipment are readily available and scored high.

Medium to high scores were given to cost, reflecting moderate capital costs to
handle the large number of sites.

Low scores were assigned to agency approvals. The alternative is better than the
previous ones, but since the constituents have not been immobilized and due to the
multiplicity of sites, it is not rated highly.

5.3.4.4 Alternatives SS-4, SS-5, and SS-6: Removal and Disposal Alternatives for Soil
and Riverbank Sediments.

5.3.4.4.1 Descriptions. Three alternatives have been developed for the removal
and disposal general response action for soils and riverbank sediments. These three are
similar to the solid waste Alternatives SW-4, SW-5, and SW-6.

Alternative SS-4:

* Removal: Excavation

* On-Site Disposal:
- Vaults (high activity radioactive and mixed waste)
- Trenches/pits (hazardous-only and low activity radioactive and

mixed waste)

* Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous-only waste disposal sites)
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Alternatives SS-5 and SS-6 are variations of Alternative SS-4 and differ only by
the method of disposal.

Alternative SS-5:

0 Removal: Excavation

* Off-Site Disposal:
- DOE facilities (all radioactive and mixed wastes)
- RCRA-type landfills (hazardous materials).

Alternative SS-6:

* Removal: Excavation

* On-Site Disposal:
- Vaults (high activity radioactive and mixed waste)
- RCRA-type Landfills (low activity radioactive and mixed waste and

hazardous materials).

* Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous-only waste disposal sites).

Size and Configuration. The total volume of contaminated soil in the 100 Area
has been estimated at about 456 million loose cubic feet in the 100 Area Past Practice
Site Cleanup and Restoration Conceptual Study (WHC 1991e). This volume includes one
third of the total overburden that must be removed to excavate soil; i.e., this volume of
overburden must be treated or disposed of along with the contaminated soil because it
would potentially be contaminated during excavation operations. The volume of
contaminated riverbank sediments has been estimated at about 300 million LCF (refer to
Appendix D).

The soil and riverbank sediments of the 100 Area are contaminated with a variety
of toxic compounds including: radionuclides, heavy metals, nitrates, and to a lesser
degree, organic compounds. Refer to Tables 1-5, 1-6, 1-7, and 1-8 and the discussion in
Section 1.3.1 for detailed information pertaining to contaminants, concentration in soil,
and waste generation processes. Major unit operations for Alternatives SS-4, SS-5, and
SS-6 are discussed below.

Alternatives SS-4, SS-5, and SS-6 Removal. The objectives of Alternatives SS-4,
SS-5, and SS-6 are common: removal of soils and riverbank sediments by excavation
followed by disposal.

* Commercially available, large scale mining/construction equipment would
be used to excavate soils and riverbank sediments. The excavated soils
would be sorted by activity level and packaged in bulk containers for
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transport to the disposal site. Dust control measures, including
containment structures if necessary, would be provided to assure worker
and environmental protection during remediation.

The system specified would be capable of removing approximately 8,000
LCF/hour of soils and riverbank sediments to meet the 2018 TPA
milestone for completion of remediation.

The disposal systems defined for Alternatives SS-4, SS-5, and SS-6 provide the

opportunity to examine and compare the use of both onsite and offsite disposal
strategies. Major unit operations and the objectives of their use for each alternative are

discussed below:

Alternative SS-4 Disposal:

* On-site vaults located at the Hanford 200 Area are specified for disposal
of high-activity radioactive and mixed wastes. Hazardous-only and low-
activity radioactive and mixed wastes would be placed in disposal
trenches/pits at the 200 Area.

* Closure of the trenches/pits would be accomplished with the Hanford
Barrier or RCRA multi-media cap, depending upon the type of waste.

Alternative SS-5 Disposal:

* Off-site disposal is specified for high-activity radioactive and mixed wastes,
low-activity radioactive and mixed wastes, and hazardous wastes. All
radioactive and mixed wastes are would be shipped to disposal areas at
other DOE facilities. Hazardous waste would be shipped to an off-site
RCRA landfill in accordance with current practice.

Alternative SS-6 Disposal:

* On-site vaults located at the Hanford 200 Area are specified for disposal
of high activity radioactive and mixed wastes. All other wastes would be
shipped to new on-site RCRA-type landfills for disposal.

* The Hanford Barrier and RCRA multi-media cap would be used as
required for closure of all waste disposal sites.

Flow Rates and Composition. The 100 Area Past Practice Site Cleanup and
Restoration Conceptual Study (WHC 1991e) developed estimated excavation rates
necessary to remediate contaminated soils by year 2018 assuming a 20 year remediation
period. Sediment excavation rates were developed using the same assumptions.
Contaminated soil and sediment volumes and excavation rates are presented in
Table 5-5..
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Hanford 100 Area soils and riverbank sediments (exclusive of contaminants)
consist of Pasco gravels with small amounts of clay and humus materials. The mixture is
very coarse with a small fraction of fines, approximately 20% < 0.125 mm. There is a
significant concentration of carbonaceous minerals in Hanford 100 Area soils.

Disposal Distances and Methods. The proposed disposal methods for
Alternatives SS-4, SS-5, and SS-6 include both on-site and off-site disposal options.
Vaults and trenches or pits are proposed for use at the Hanford 200 Area. The Hanford
Barrier and RCRA multi-media cap are specified for use where appropriate to cap
disposal sites. One RCRA landfill in the state of Oregon is currently being used for
disposal of Hanford Site hazardous wastes. The NTS, which is approximately 1,000
highway miles away from the Hanford Site, is one potential location for a DOE mixed
waste disposal facility.

5.3.4.4.2 Evaluation. Alternatives SS-4, SS-5, and SS-6 all involve excavation and
removal of the soils and riverbank sediments. No waste treatment is specified. In
general, reduction in the number of contaminated sites was advantageous. However, the
waste remains untreated so the alternatives are less desirable than alternatives involving
treatment.

For Alternative SS-4, the short-term effects are given medium scores, reflecting
significant exposures to operations personnel during excavation. The long-term effects
are definite improvements over those of Alternatives SS-2 and SS-3 due to the improved
disposal practices. The long-term effects are not scored high because there is no
treatment to remove hazards associated with mobility and toxicity of contaminants.

The waste is not modified in form, but because the cap provides some
improvement in mobility, the reduction of mobility factor was scored in the low to
medium range.

The Alternative SS-4 system is relatively easy to construct using available
equipment, so availability of services and specialized equipment factors were generally
scored high. Constructability was scored somewhat lower due to the large volumes to.be
removed and problems associated with excavation in a radioactive environment.
Reliability was scored in the medium to high range because of the low activity
environment and the relatively simple excavation medium. However, the alternative
requires no long-term maintenance, so it scored in the medium to high range on that
factor.

Agency approval was given medium scores as it is better than Alternative SS-3,
but all waste remains on-site and untreated (potentially not in compliance with the
RCRA Land Disposal Restrictions) so public and agency acceptance may be difficult to
acquire.

The use of off-site disposal in Alternative SS-5 results in the removal of soils and
riverbank sediments from the Hanford Site, but the scoring generally considered the
extra transportation to be a negative factor.
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Due to the transportation requirements, this alternative is scored in the low range
for short-term effects. All soil and riverbank sediments are removed and shipped great
distances. The alternative also assumes that an identified disposal site would have
acceptable long-term effectiveness. An intermediate score was assigned to reduction in
mobility because the waste is not changed in form but merely removed from the Hanford
Site.

Constructability, operational reliability, and maintenance were scored similarly to
Alternative SS-4, with a minor reduction for the transportation factor. The improbability
of identifying an off-site disposal area resulted in low scores for availability of services.
Specialized equipment was given a medium score because of the problems associated
with transporting the large volume of material.

Agency approval was also scored low because of the public resistance expected at
potential disposal sites and along the transport routes. The low score for cost reflects
the cost of retrieval and transport to a remote location.

Alternative SS-6 is similar to Alternative SS-4, except for the use of RCRA-type
landfills at the Hanford Site. The addition of the RCRA permit, the associated landfill
liners, and controls had a slight negative effect on the scores for maintenance and
availability of services. All other scores are similar to, and explained in, the evaluation
for Alternative SS-4.

5.3.4.5 Alternatives SS-7, SS-8, and SS-9: In situ Treatment for Soil and Riverbank
Sediments.

5.3.4.5.1 Descriptions. Three alternatives are presented for the in situ treatment
of soils and riverbank sediments general response action.

Alternative SS-7:

0 Biological: Biodenitrification
* Stabilization/Solidification: Vitrification
* Physical Treatment: Steam stripping
* Monitoring: 100 Area groundwater.

Alternative SS-8 consists of a single treatment operation intended primarily for
areas containing significant quantities of radioactive contamination:

Alternative SS-8:

* Stabilization/Solidification: Vitrification.
* Monitoring: 100 Area groundwater.

Alternative SS-9 closely resembles Alternative SS-7; however, vapor extraction is
used for remediation of organic contamination instead of steam stripping.
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Alternative SS-9:

0 Biological: Biodenitrification
* Stabilization/Solidification: Vitrification
0 Physical Treatment: Vapor extraction.
0 Monitoring: 100 Area groundwater.

Size and Configuration. A discussion of soil/sediment volumes is given in Section
5.3.4.4.1.

Alternatives SS-8, SS-9, SS-10 Unit Operations. Major unit operations required
for in situ treatment of soils and riverbank sediments alternatives are discussed below.

* In situ biodenitrification (discussed previously for Alternative GW-4)
reduces nitrates to elemental nitrogen. The denitrification process for
contaminated soil follows the same reaction as for groundwater:

Bacteial Metabolic Process

NO- - N 2 t

The process requires injection of nutrients or bacteria culture into
contaminated soils and riverbank sediments in order to enhance the
denitrification process.

* In situ vitrification is proposed in Alternatives SS-7, SS-8, and SS-9 for
stabilization and solidification of areas containing high amounts of
radionuclide contamination. The in situ vitrification technique is well-
suited for this application due to the homogenous (from a chemical
perspective) nature of soils. Electrodes channel current to the soil which
is resistively heated to temperatures in excess of the soil's melting point.
The soil melts and retains contaminants, such as radionuclides (although
lower molecular weight radionuclides may be volatile, and secondary
treatment in the form of off-gas treatment is necessary) and heavy metals
(some like mercury are volatile) within the melt zone. Residues generated
from the off-gas treatment process would be prepared for disposal by
stabilization and solidification. Backfilling of the site would be necessary
due to subsidence during vitrification.

* Alternative SS-7 would remediate soils and riverbank sediments
contaminated with volatile and some semivolatile organics by in situ steam
stripping. Steam is injected into the soils to volatilize organic
contaminants which then percolate upward through the soil and are
released to the atmosphere.

5-38



DOE\RL-92-lI
Draft B

* Alternative SS-9 would use vapor extraction for the remediation of volatile
organic contamination in soils. A vacuum is drawn on the soil inducing
the volatilization of organic compounds which may be adsorbed on the
surface of soil particles.

Vapor extraction is commonly used in conjunction with carbon adsorption
or incineration to treat the off-gas; direct venting to the atmosphere may
also meet ARARs, depending on the contaminants and concentrations in
the extracted vapor.

Composition. The 100 Area Past Practice Site Cleanup and Restoration Conceptual
Study (WHC 1991e) developed an approximation of the volume of contaminated soil at
the Hanford 100 Area. The volume of riverbank sediments associated with the 100 Area
operable units has been approximated for the purposes of this feasibility study. While
significant effort has been made to quantify the volume of soil and riverbank sediments
potentially contaminated with radionuclides (refer to Table 5-5), there is not sufficient
information to quantify the volume of organically contaminated material. However, it is
expected that only a small fraction of the volume presented in Table- 5-5 is contaminated
with organic materials, as Hanford records did not indicate handling or disposal of large
quantities of organic materials. As is the case for Alternatives SW-7 and SW-8, waste
treatment flow rates are not applicable for in situ treatment.

Disposal Distances and Methods. The proposed disposal method for Alternatives
SS-7, SS-8, and SS-9 is in situ with varying degrees of treatment for organic and nitrate
contamination. Radioactive waste sites would be stabilized by vitrification to ensure that
the potential for mobilization of this type of contamination is reduced.

5.3.4.5.2 Evaluation. Alternative SS-7 proposed the use of three in situ treatment
process options in order to provide long-term protection from the contaminants treated.
However, the overall effectiveness is limited due to the limited application of the three
options.

The short-term effects of steam stripping organics into the environment limits the
short-term protection factor evaluations to a medium score. Because the alternatives do
not address all contaminants, the long-term protection scores are in the medium to high
range. The reduction of mobility score is in this same range.

The development status of these technologies results in medium scores for
constructability, reliability, and maintenance. The same issue resulted in low to medium
scores for availability of services and specialized equipment.

Agency approval was given average scores, based on the development status and
the possible release of organics to the environment. The cost for this process option is
expected to be high and the resulting score is low.
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The extensive use of in situ vitrification as part of Alternative SS-8 for areas of

radioactive contamination is considered effective at destroying organic contamination

while immobilizing most radionuclides and heavy metals.

It scores only in the medium range for short-term protection because of concern

over potential problems with off-gas control. It scores in the high range for long-term

protection because of its permanence in reducing contaminant mobility.

The developmental stage and complexity of in situ vitrification systems result in

low to medium scores for constructability, reliability, service availability, and specialized

equipment. It was assigned a medium score for agency approval, largely because of the

uncertain development results. Costs are expected to be high.

The use of vapor extraction in Alternative SS-9 to replace steam stripping of

Alternative SS-7 has the benefit of capturing the organics instead of releasing them to

the environment. Vapor extraction however, cannot remove semnivolatiles, such as PCBs.

The effectiveness factors, protection of health and the environment, and reduction

of mobility, were all scored higher in Alternative SS-9 than in Alternative SS-7 based on

the release of organics. The constructability and reliability factors were scored lower for

this alternative because of the extensive collection system required for vapor extraction.

Agency approval was thought to be somewhat more difficult for this alternative,
due to the failure to address semivolatiles.

5.3.4.6 Alternatives SS-10 and SS-11: Removal, Treatment, and Disposal Alternatives
for Soil and Riverbank Sediments.

5.3.4.6.1 Descriptions. Two alternatives have been developed for this general
response action.

Alternative SS-10:

0 Removal: Excavation

* Thermal Treatment:
- Thermal desorption (organic contamination)

0 Physical Treatment:
- Soil washing by attrition scrubbing (radionuclides adsorbed on soil

particles)

* Stabilization/Solidification:
- Vitrification (residues from soil washing and off-gas treatment)

(Stabilization/solidification of bulk soils is not practical nor
desirable on an aggregate basis because of potentially large waste
volume increases. It will only be considered for applications
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involving LDR constituents, but such considerations are appropriate
for the focused feasibility studies.)

* On-Site Disposal:
- Vaults (high-activity radioactive and mixed waste)
- Trenches/pits (low-activity radioactive and mixed waste)

* Capping:
- Hanford Barriers (radioactive and mixed waste disposal sites).

Alternative SS-11:

* Removal: Excavation

* Thermal Treatment:
- Thermal desorption (organic contamination)

* Chemical Treatment:
- Soil washing by chemical leaching (radionuclides adsorbed on soil

particles)

* Stabilization/Solidification:
- Vitrification (soil washing and off-gas treatment residues)

* On-Site Disposal:
- Vaults (high-activity radioactive and mixed waste)

* Off-Site Disposal:
- RCRA Landfills (hazardous-only waste)
- DOE Facilities (low-activity radioactive and mixed waste).

Size and Configuration. A discussion of soil/riverbank sediment volumes is given
in Section 5.3.4.4.1. Process flow diagrams of Alternatives SS-10 and SS-11 are presented
in Figures 5-11 and 5-12. Major unit operations for each alternative are discussed below.

Alternative SS-10 Unit Operations.

* Organically contaminated soils and riverbank sediments would be treated
in a two-stage thermal desorber. The initial stage consists of an externally
fired chamber in which organic compounds are vaporized. The vapors are
then oxidized in a secondary combustion chamber, and off-gases are
treated and vented to the atmosphere. Residues generated from the off-
gas treatment process would be prepared for disposal by stabilization and
solidification.
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Physical soil washing consists of a series of treatment operations. Initially,
soils are classified by particle size using a power screen (other types of
equipment may also be appropriate). The purpose of this initial
classification is to separate large particles (such as coarse sand, gravel, and
rocks) from the finer-sized material (finer than about 200 mesh
(0.075 mm))(DOE-RL 1992a). Because of higher cation exchange
capacity, the bulk of radionuclide and heavy metal contamination is
preferentially adsorbed on the surfaces of smaller-sized soil particles.
Larger soil particles are removed from the waste stream at this stage
(provided that it is clean enough to meet remedial goals) and may be used
as fill material. Physical soil washing is particularly suited to soils which
are predominantly sand and gravel. This is the case for Hanford soils
which are predominantly coarse granitic sands and gravels, with less than
10% silts and clays. A high percentage of Hanford 100 Area material is of
large particle size, therefore, physical soil washing is considered an
effective volume reduction process (WHC 1990).

Next, the smaller-sized fraction of particles is taken from the power screen
to a soil washing unit similar to a ball mill (conceptual). The mill tumbles
soil in the presence of a scrubber solution (any of a number of solutions
that enhance separation of contaminants from the bulk soil; surfactants are
an example). The tumbling action causes particles to abrade the surfaces
of other particles, stripping away surface contamination. This process is
referred to as attrition scrubbing.

* A centrifuge (other types of equipment may also be appropriate) is then
used to separate contaminants, fines (resulting from attrition scrubbing),
and scrubber solution from the relatively larger abraded soil particles. The
cleaned abraded soil would be used as backfill material.

* Contaminated scrubber solution and fines are pumped to a rotating disk
spray dryer for drying. A rotating disk spray dryer is best suited for this
application, due to the high maintenance anticipated for other dryers
(spray dryers using nozzles would require frequent replacement due to the
nature of the feed; rotary dryers, for instance, tend to cake which leads to
difficulties in removing the material). Vapor from the dryer is condensed
and recycled back to the attrition scrubbing process.

* The final unit operation is stabilization and solidification of dewatered
fines in a vitrification unit. Glass frit or glass formers are added to the
fines and melted in a joule-heated vitrification unit to form a dense,
glassified waste form (other reactors using other sources of heat, such as
plasma torches, may also be appropriate).

Alternative SS-10 operations result in a glassified waste form requiring
disposal. On-site vaults located at the Hanford 200 Area are specified for
disposal of high-activity radioactive and mixed wastes. The resulting
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low-activity radioactive and mixed wastes would be placed in pits or
trenches, which are also located in the 200 Area.

* The Hanford Barrier would be used for closure of trenches and pits.

Alternative SS-11 Unit Operations. Figure 5-12 is a conceptual process flow
diagram representing major unit operations of Alternative SS-11. Each unit operation
unique to the Alternative SS-11 remediation process is discussed below.

* A thermal desorber is specified for treatment of organically contaminated
soils and riverbank sediments. See discussion under Alternative SS-10.

* Chemical soil washing consists of a series of operations designed to
chemically dissolve contaminants adsorbed on the surfaces of soil particles.
The following discussion presents a simplified series of unit operations that
may be used to chemically remove surface contamination.

* A lixiviant (or mixture of lixiviants) is added to the soil in a stirred tank
reactor. Lixiviants are compounds that facilitate dissolution of
contaminants, including chelators, by chemically bonding to species such as
radionuclides, thus forming soluble complexes. Lixiviation is intended to
strip adsorbed contaminants from soils into solution. Lixiviants such as
ethylenediaminetetraacetic acid (EDTA), which is a common chelator, may
be used for this purpose, but it should be noted that lixiviants are
contaminant-specific, and more than one would be required to remove
multiple contaminants. Additional stirred tank reactors may be necessary
for removal of multiple contaminants. If multiple reactors are required,
washing steps would be necessary between reactors.

* Following lixiviant treatment, a clarifier is used to separate soils from the
treatment liquid. The liquid is pumped to an evaporator where
contaminants are concentrated prior to drying (discussed below), and the
soil is sent to another stirred tank reactor.

* Acid solution is added to the soil in the second stirred tank reactor. Most
radionuclides and heavy metals would go into solution at low pH. At this
stage of the process all remaining contaminants are dissolved, leaving
clean soil.

* The second clarifier separates clean (but acidified) soil from the acid
solution containing contaminants. The clean soil may be discharged for
use as backfill (following neutralization). The liquid solution is first
neutralized in a stirred tank reactor and then concentrated in an
evaporator.
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A fluidized bed dryer is used to remove water from evaporator
concentrates in preparation for stabilization and solidification. The
fluidized bed consists of dry concentrates. Effluent from the evaporation is
introduced into the fluidized bed dryer where all moisture is removed.
The fluidized bed dryer is preferred for this application because of its
reliability in a similar application at Idaho Chemical Waste Processing
Plant.

* The final unit operation is stabilization and solidification of dry
concentrates in a vitrification unit. Glass frit and glass formers are added
to the fines and melted in a joule-heated vitrification unit to form a dense,
glassified waste form (other reactors using other sources of heat, such as
plasma torches may also be appropriate).

* Alternative SS-11 operations result in a glassified waste form requiring
disposal. On-site vaults located at the Hanford 200 Area are specified for
disposal of high-activity radioactive and mixed wastes. Low-activity
radioactive and mixed wastes would be sent to other DOE facilities for
disposal. Wastes which have been identified as hazardous-only at the
excavation phase would be sent off-site for disposal at a RCRA landfill.

Flow Rates and Composition. Refer to the discussion in Section 5.3.4.4.1.

Disposal Distances and Methods. The proposed disposal method for any high-
activity radioactive and mixed waste in both alternatives is on-site disposal in vaults at
the 200 Area. Wastes result from vitrification of soil washing and off-gas treatment
residues. On-site trenches or pits are proposed for low-activity radioactive and mixed
waste in Alternative SS-10; an off-site disposal option has been specified for low-activity
radioactive and mixed waste (disposal at a DOE facility) and hazardous-only wastes
(RCRA landfill) in Alternative SS-11. The NTS is one potential location for a low level
mixed waste disposal facility. NTS is approximately 1,000 highway miles away from the
Hanford Site. A facility in the State of Oregon currently accepts Hanford hazardous
wastes.

The Hanford Barrier is specified for use where appropriate to close trenches and
pits in the 200 Area.

5.3.4.6.2 Evaluation. In Alternative SS-10, excavation and complex treatment for
all contaminants, and disposal on-site in vaults, pits, and trenches provides a total
solution to the contaminated soils and riverbank sediments problems. It does so at the
expense of needs for high amounts of material handling and high cost.

The short-term effectiveness of these alternatives is similar to the solid waste
excavation alternatives. Average scores were assigned to account for the risks of
handling and processing. The long-term effectiveness is scored high because of the
stable waste form in a single disposal facility.
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Since the systems are reasonably well developed, but very large systems would be

required, only medium scores were assigned to constructability and reliability. Similar

scores apply to availability of services and specialized equipment for the same reason.

Average scores were assigned to agency approval to account for the excellent

waste form and also for the difficulty in permitting the complex processes. Obviously,

the complex system is costly.

Alternative SS-11, like Alternative SS-10, is a complex ex situ processing system

for soils and riverbank sediments. This alternative differs from Alternative SS-10

primarily in the area related to disposal and in the use of chemical soil washing as

opposed to physical soil washing. The on-site disposal of Alternative SS-10 was

responsible for its higher score relative to Alternative SS-11 which relies on off-site

disposal for the low-activity radioactive and mixed waste. The transportation of large

volumes of waste over many miles to off-site disposal facilities raises issues of safety,
questionable public acceptance, and potentially very high costs.

5.3.5 Summary of Alternatives Evaluation

The scoring rationale for each alternative (by general response action) is

discussed in evaluation sections presented previously. Figures 5-13, 5-14, and 5-15

present average project team scores for each evaluation factor and weighted, normalized

scores for effectiveness, implementability, and cost criteria. The sum of weighted,
normalized scores represents the composite evaluation score of each alternative. The
standard deviation of each composite score is also presented as a relative indication of

the uncertainty associated with scoring a particular alternative: a large standard

deviation is indicative of varied opinions by the nine member project team concerning

how the alternative should be scored. A small standard deviation, on the other hand,

reflects a better consensus among the nine project team members.

The guidance document (EPA 1988a) directs that the effectiveness criterion

should be weighted more heavily than implementability and cost criteria. For the

purposes of this feasibility study, this was accomplished by first normalizing the sum of

individual factors for each criterion to 100 (for example, a total of "25" is possible for the

five factors (See Figure 5-13) considered for evaluating effectiveness; the effectiveness

score is normalized by multiplying the new score by 4), and then by weighting

(multiplying by a weighting factor). The project team weighted evaluation criteria are as

follows:

Weight

* Effectiveness 0.6
* Implementability 0.3
* Cost 0.1

Total 1.0
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The development of alternatives is based on the classes of contaminants (i.e.,
organics, metals, and radionuclides) and generalized conditions of all 100 Area operable
units. Because protection of human health and the environment is the principal goal of
remedial actions, the major focus of the screening is on the effectiveness of an
alternative to meet RAOs. Therefore, effectiveness is given a high weighting factor in
comparison to implementability and cost. After effectiveness, implementability is the
next most important consideration and is given the second highest weighting factor. At
this phase of the FS process, site-specific cost information is limited. Costs are relative
and serve as comparisons between alternatives which are similar in effectiveness and
implementability. Costs will be more fully defined during detailed analysis (focused
feasibility studies), when individual sites are considered along with their specific
conditions, waste volumes and types, and contaminants.

The decision to discard alternatives at this point is made on the basis of retaining
a broad range of GRAs for detailed analysis. This is deemed necessary for this
particular feasibility study due to an incomplete set of input parameters that are
specified in the guidance document for traditional feasibility studies. Alternatives
recommended for consideration at the detailed analysis/focused feasibility study levels
cover the spectrum of all potential remedial actions from "no action" (which would be
applicable only if a risk assessment indicates acceptability of such an approach) to
removal, treatment, and disposal actions, which reduce uncertainty and risk but at a high
cost.

Based on composite scores, the following alternatives are considered
representative of various GRAs for future evaluations that will be made during Hanford
100 Area operable unit focused feasibility studies. Note that "no action" Alternatives
SW-1, GW-1, and SS-1 are retained at this point to serve as a baseline (per the NCP) for
corffparative purposes and for evaluation from the risk assessment standpoint at some
future time. The retained alternatives may serve as a baseline from which to evaluate
the future impact of site characterization data and risk assessment results. It should also
be stressed that alternatives (and technologies) that are not retained may be revisited as
new information warrants, in accordance with FS guidance.

While the CERCLA Phase I/II FS process provides a rational basis for
developing and screening remedial alternatives, it is very important to note that all this is
done in the absence of a baseline risk assessment to comprehensively evaluate the
inherent risks posed by the contamination. The baseline risk assessment will be a part of
future studies. The Phase I/Il process also does not allow much consideration of cost.
Thus, the true cost/risk reduction benefit of each alternative has not been evaluated or
even considered. This is an essential element in the ultimate decision-making process.
While protection of human health and the environment is of utmost importance, the final
remedial solutions must be found to be cost effective in view of their benefit to true risk
reduction.

5.3.5.1 Solid Waste. Composite scores for Alternatives SW-1 through SW-10 range from
54.6 (no action) to 65.4 for Alternative SW-9 (a removal, treatment, and disposal
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alternative). Table 5-6 presents the solid waste alternatives retained for future analysis

and the rationale for dropping alternatives from consideration at this time

The alternatives retained represent all GRAs. One representative alternative for

each general response action has been retained for future evaluation.

5.3.5.2 Groundwater. Composite scores for groundwater alternatives range from a low

of 52.2 for Alternative GW-1 to a high of 71.9 for Alternative GW-6 (a removal,

treatment, and disposal action). Table 5-7 presents the groundwater alternatives

recommended for future analysis and the rationale for not considering other alternatives

further.

The spread in scores indicates that project team members were better able to

make assessments concerning groundwater alternatives than had been the case for solid

waste. Both removal, treatment, and disposal alternatives are recommended for detailed

analysis due to the unique treatment approach taken in each case. An in situ treatment

approach is also
retained to maintain a range of different levels of remedial action and potentially for use

in combination with alternatives for other media.

5.3.5.3 Soils and Riverbank Sediments. Composite scores for soils and riverbank

sediments alternatives range from a low of 55.4 for Alternative SS-1 (no action) to a high

of 67.4 for Alternative SS-10 (a removal, treatment, and disposal alternative). Table 5-8

presents the soil and riverbank sediments alternatives recommended for future analysis,

and a rationale for a recommendation of not considering other alternatives is discussed
below.

The alternatives retained include the entire range of possible GRAs that may be

taken for Hanford 100 Area soils and riverbank sediments. All alternatives retained

represent technologies and process options considered the best choices as a result of

screening activities.

5.3.5.4 Potential Future Innovative Technology Applications. In Phase I (Section 4.0) of

this FS, a number of innovative technologies were screened out for lack of demonstrated

implementability and/or effectiveness. CERCLA FS guidance specifies that innovative

remedial approaches be considered where use of such technologies offer cost or

performance (effectiveness) advantages over more traditional approaches. However,
many of these technologies which were screened out, while promising in theory, have not

yet undergone sufficient development to prove their overall viability in site remediation

applications. Many of these technologies are currently in some stage of development

and most of these are probably some years away before development efforts come to

fruition. The purpose of this section is to provide recommendations of specific

innovative technologies whose development progress should be monitored. Performance

data obtained from the development efforts may be then used in future feasibility studies

in an iterative fashion to assess the conclusions arrived at during Phase I of this FS.
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The technologies discussed below are specifically identified for monitoring of
development progress based in part on technical comments received from reviewers to
this document. This list is not necessarily all inclusive and others may be added as
additional evaluations are performed.

Electro-dnetic Separation. (See Appendix C, Section 2.10.4) Electro-kinetic
separation is an in situ physical treatment method used to enhance separation of
adsorbed contaminants on saturated sediments using charged electrodes placed within
the contaminated aquifer. Development on a laboratory scale has shown promising
results. Significant research work is being conducted at Sandia National Laboratories
and elsewhere.

In Situ Chemical Precipitation. (See Appendix C, Section 2.11.1) The application
of precipitation reagents in situ may be applied to immobilize contaminants in
groundwater and saturated sediments as an alternative to pump and treat technologies.
Limited ex situ laboratory and bench studies have been performed. Much development
work would be needed to demonstrate in situ application. The principal difficulties of in
situ application are attaining adequate mixing and distribution of chemical reagents.

Lixiviant Extraction. (See Appendix C, Section 2.7.4) Lixiviant extraction
involves the introduction of chemical reagents to contaminated saturated sediments for
removal of adsorbed contaminants so as to enhance the effectiveness of pump and treat
systems. Lixiviants have been developed for solution mining of uranium. Lixiviants for
site remediation applications require all phases of development and demonstration.

In Situ Vitrification/Grouting of Compacted Waste Forms. (See Appendix C,
Section 1.10.3 and Section 1.10.1) These technologies are potentially applicable for use in
stabilizing compacted waste for subsidence control in 200 Area burial trenches, an
important aspect for the Hanford Barrier application. Development work and field
demonstrations are needed to prove viability and generate performance data.

Supported Liquid Membranes. (See Appendix C, Section 2.13.15) Supported
liquid membrane filtration is a process option similar in many respects to reverse
osmosis and ultrafiltration. The key difference involves the use of carrier molecules in
the supported liquid membrane for transport of contaminants out of groundwater into a
concentrated liquor. The process has potential cost advantages relative to reverse
osmosis. Some laboratory and bench scale testing has been done on Hanford
groundwater for uranium, technetium, and chromium removal. Pilot scale demonstration
is scheduled for FY 1994.

Biological Barriers. (See Appendix C, Section 1.5.5) Biological barriers are
created by the accumulation of biomass to provide a barrier against migration of
contamination. Maintaining stable barriers has not been demonstrated. The biological
barrier is in the conceptual stage with much development work needed to prove its
viability.
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Biosorption. (See Appendix C, Section 2.12.3). The biosorption process is similar
to ion exchange. Resins containing treated algae have been tested for removal of
uranium. Additional testing may identify resins which are capable of removing
additional contaminants.
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Figure 5-1. Development of Alternatives for Solid Waste (Page 1 of 3)
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Figure 5-1. Development of Alternatives for Solid Waste (Page 2 of 3)
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Figure 5-1. Development of Alternatives for Solid Waste (Page 3 of 3)
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Figure 5-2. Development of Alternatives for Groundwater (Page 1 of 4)
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Figure 5-2. Development of Alternatives for Groundwater (Page 2 of 4)
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Figure 5-2.
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Figure 5-2. Development of Alternatives for Groundwater (Page 4 of 4)
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Figure 5-3. Development of Alternatives for Soil and Riverbank Sediments
(Page 1 of 4)
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Figure 5-3. Development of Alternatives for Soil and Riverbank Sediments
(Page 2 of 4)
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Figure 5-3. Development of Alternatives for Soil and Riverbank Sediments
(Page 3 of 4)
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Figure 5-3. Development of Alternatives for Soil and Riverbank Sediments
(Page 4 of 4)
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Figure 5-4. Alternative SW-7: Solid Waste Stabilization and Solidification
by Dynamic Compaction and Vibration Aided Grout Injection
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Figure 5-7. Alternative GW-3: Conceptual Model for Containment of
Groundwater (Slurry Wall) and Hydraulic Control

(Extraction and Injection Wells)
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SWA SW.2 SW-3 SW.4 SW.5 We sw-I swB SW- W-10

Evaluation Factors

Effectiveness
Shoit-Term Protection of Human Health 2.6 3.9 3.8 2.7 1.9 2.6 3.8 3.9 2.1 2.1
Shoit-Term Protection of the Environment 2.2 2.2 a3 2.9 2.2 2.8 3.7 3.8 2.6 2.6
Long-Term Protection of Human Health 1.0 1.7 2.7 3.7 4.3 3.8 3.0 2.8 4.4 4.6
Long-Term Protection of tihe Environment 1.0 1.0 2.2 3.6 4.2 3.7 2.9 2.8 4.3 4.4
Reductionof Mobility Toxicity or Volume of Waste 1.0 1.0 2.1 2.2 2.8 2.9 3.2 2.9 4.3 4.6

Normalized, Weighted EffectivenessTotal 18.7 23.5 33.9 36.0 37.1 37.6 39.7 38.7 42.7 43.7

Implerentability.
Technical Feasbility Constructability 5.0 4.7 4.3 3.4 3.1 3.3 3.2 3.3 2.8 2.6

Operationa Reliabdity 5.0 4.3 2.7 3.3 3.2 3.3 2.7 2.8 3.1 2.8
Maintenance 4.9 3.4 2.9 4.1 4.2 3.6 3.1 3.0 2.8 2.4

mpl ementability
Administrative Feasibility Agency Approvals 1.1 1.4 1.9 3.3 1.6 2.9 2.1 2.3 3.7 2.9

Availabilityof Services 5.0 4.7 4.7 4.2 1.9 3.8 3.2 3.1 3.3 3.0
Specialized Equipment and Personnel 5.0 4.8 4.7 4.1 3.0 4.0 2.7 2.8 2.9 2.8

Normalized, Weighted Imptementability Total 16.0 14.3 14.1 15.8 10.6 14.2 11.1 11.2 12.7 11.1

Cost Relative Cost 5.0 4.6 3.8 3.0 1.9 2.4 3.3 3.4 2.1 1.9
Normalized.WeightedCostTotal 10.0 9.1 7.6 6.0 38 4.9 6.7 8.9 4.2 3.8

Normalized, .7 .9 2.5 .8 7.8 .4 4 2.9 .4 .0
Weighted Standard
Composite Deviation 65 55 3.6 6.3 9.2 59 63 6.5 7.7 4.7
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General Evaluation
-i GW-2 GW3 GWA GW-5 GW-6

Evaluation Factors
GW

En ectiveness
Short-Term Protection of Human Health 2.0 3.6 3.0 2.9 3.4 3.3
Short-Term Protection of the Environment 1.8 2.3 3.0 2.8 3.7 3.6
Long-Term Protection of Human Health 1.0 2.0 2.9 3.0 4.3 4.4
Long-Term Protection of the Environment 1.0 1.4 2.8 2.9 4.3 4.4
Reduction of Mobility, Toxicity or Volume of Waste 1.0 1.0 2.3 3.0 4.3 4.3

Normalized, Weighted Effectiveness Total 16.3 24.8 33.6 34.9 48.3 48.3

Implementability
Technical Feasibility Constructability 5.0 4.4 2.3 3.4 3.8 3.7

Operational Reliability 4.7 4.1 2.3 3.3 3.1 3.2
Maintenance 5.0 4.0 2.0 3.2 2.6 2.7

V 1pIementabiliymAinistrative Feasibility Agency Approvals 1.2 1.7 2.4 2.6 3.8 3.4
Avalability of Services , 5.0 4.7 3.3 3.4 3.7 3.4
Specialized Equipment and Personnel 5.0 4.7 3.0 3.6 3.2 3.1

Normalized, Weighted Impementabill Total 16.2 15.0 10.8 12.8 132 12.7

Cost Relative Cost 5.0 4.4 2.4 3.3 1.8 1.9
Normalized, Weighted Cost Total 10.0 8.9 4.9 6.7 3.6 3.8

Normalized, 2.2 572 53.9 61.6 71. 71.6
Weighted Standard
Composite Deviation 6.4 93 6.7 8.8 53 6.8

.1
C

4

LA
7'1

0
0

I~-)

I
w



f, 60

it"
t

CD

'1

'I
C?

/

General Evaluation
s S

Evaluation Fadeors
S-2 ss-3 66-4 86-5 £6 86-7 se -9 SS-10 SS-11

Effectiveness
Short-Term Protection of Human Health 2.7 3.8 3.6 2.7 1.9 2.8 3.4 3.7 3.7 2.7 2.2
Short-Term Protection of the Environment 2.3 2.4 3.1 2.9 2.3 3.0 3.3 3.7 3.7 2.9 2.6
Long-Term Protection of Human Health 1.0 1.6 2.8 3.6 4.3 3.8 4.0 4.3 3.9 4.4 4.4
Long-Term Protection of the Environment 1.0 1.0 2.6 3.4 4.2 3.7 3.9 4.3 3.8 4.4 4.6
Reductionof Mobiky.ToxityorVolumef Waste 1.0 1.0 2.0 2.6 2.8 2.3 4.0 4.3 4.2 4.7 4.6

Normaized, Welhled Effectiveness Total 19.2 23.5 33.6 3X.3 37.3 37.3 44.8 48.8 46.1 45.9 44.0

Implementability
Technical Feasibilty Construclabiity 50 4.7 4.0 33 3.2 32 2.6 2.3 2.2 3.1 28

Operational Reiability 5.0 4.4 3.3 3.6 3.1 3-1 3.0 2.4 2.4 3.0 2.9
Maintenance 4.9 3.8 3.4 3.7 3.8 3.2 2.6 2.8 2.7 2.7 2.4

Implementability
Administrahve Feasibility _Agency Approvals 1.3 1.6 2.3 3.1 2.1 2.9 2.9 2.7 3.0 3.2 22

AvailabilityofServices 5.0 4.7 4.6 3.9 2.0 3.3 2.1 2.1 2.2 3.0 2.1
Specialized Equipment and Personnel 5.0 4.8. 4.4 3.6 3.3 3.4 1.9 1.9 1.9 2.6 2.4

Normalized, WeightedlnIplementabiy Total 162 14.8 1481142 11.2 12.9 9.4 9.4 9.8 11.4 9.2

Cost Relative Cost 5.0 4.6 3.9 2.9 1.7 2.6 2.3 1.8 2.4 2.0 1.8
Normalized. Weighted Cost Total 10.0 9.1 7.8 5.8 3.3 51 4.7 3.6 4.9 4.0 3.6

Normalized .4 .5 .5 .2 58. 2 45 .6 .5 7.4 62.4
Weighted Standard
Compose DevIation 67 51 30 .4 8.0 .0 4.8 5.5 4.8 6.0 50
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Table 5-1. Solid Waste Inventory

Includes excavated pipelines
Reference: 100 Area Past Practice
(WHC 1991e)

and other demolition metals.
Site Cleanup and Restoration Conceptual Study

5T-I

Component Volume
(in Loose Cubic Feet)

Buried waste:
Combustible material 18,512,000
Metal 16,661,000
Demolition waste 11,107,000 .

Total 46,281,000

Discrete metal* 46,281,000

Demolition waste 56,962,000

Solid waste, total 149,524,000
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Table 5-2. Solid Waste Volume By Component

'Adapted from Table 5-1.

ST-2

Component Volume
(Loose Cubic Feet)

Combustibles 18,512,000

Metal 62,942,000

Demolition waste 68,069,000
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Solid Waste Removal Rate by Component'

* Adapted from 100 Area Past Practice Site Cleanup
(WHC 1991e).
b Assumes a 20-year remediation period ending 2018

and Restoration Conceptual Study

(TPA milestone).

5T-3

Table 5-3.

Component Rate,
Loose Cubic Feet Per Hour

Buried waste:
Combustible material 309
Metal 277
Demolition waste 185

Total 771

Discrete metal 771

Demolition waste 949

Total 2491
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Table 5-4. Estimated Groundwater Extraction Rates by 100 Area Plume

Area Plume Identification Extraction Rate, GPM

B/C 100BC-1 200
100BC-2 200

K 100K-1 500
100K-2 500
100K-3 1000

N 10ON-1 700

D 10OD-1 800
10OD-2 1000

H 100H-1 200
100H-2 60

F 1007-1 300
100F-2 300

Total 5760

Adapted from Table 2-2 of "Hanford Ground Water Cleanup
Conceptual Study," (WHC 1991d Draft).

and Restoration

5T-4
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Table 5-5. Contaminated Soil and Sediment Volume for Excavation Purposes

Excavation Rate
Soil Type' Bank Cubic Feet Loose Cubic Feet (loose f/hr)

Contaminated Soil 249,209,000 284,098,000 4,735

Contaminated 151,170,000 172,334,000 2,872
Overburden

Total 400,379,000 456,432,000 7,607

Riverbank Sedimentsb 29,348,000 33,750,000 563

'Soils, 100 Area Past Practice Site Cleanup and Restoration Conceptual Study
(WHC 1991c).
'Refer to Appendix D.
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Alternative Description Score Recommendation

SW-i No Action Alternative 54.7 Retain for detailed analysis and risk assessment data.

SW-2 Institutional: Fencing and Deed Restrictions 55.9 Retain to preserve range of GRAs.

SW-5 Removal & Excavation and Demolition 57.8 Screened based on retaining Alternative SW-4.
Disposal: RCRA Landfills and DOE Disposal Facilities

SW-3 Containment: Grading, Diversion/Collection, and Revegetation 62.5 Retain as a containment action.
Hanford Barriers and RCRA Multi-media Caps

SW-8 In Situ Vibration Aided Grout Injection 62.9 Screened based on retaining Alternative SW-7.
Treatment: Hanford Barriers and RCRA Multi-media Caps

SW-7 In Situ Dynamic Compaction 63.4 Retain as an in situ treatment action.
Treatment: Vibration Aided Grout Injection

Hanford Barriers and RCRA Multi-media Caps

SW-6 Removal & Excavation and Demolition 63.4 Screened based on retaining Alternative SW-4.
Disposal: Vaults and RCRA Landfills

Hanford Barriers and RCRA Multi-media Caps

SW-10 Removal, Excavation and Demolition 64.0 Screened based on retaining Alternative SW-9.
Treatment, Incineration (hazardous organics)
& Disposal: Bitumen-based Stabilization/Solidification

Vaults and Trenches/Pits
Hanford Barriers

SW-4 Removal & Excavation and Demolition 64.8 Retain as a removal and disposal action.
Disposal: Vaults and Trenches/Pits

Hanford Barriers and RCRA Multi-media Caps

SW-9 Removal, Excavation and Demolition 65.4 Retain as a removal, treatment, and disposal action.
Treatment, Thermal Desorption (hazardous organics)
& Disposal: Compaction

Cement-based Stabilization/Solidification
Vaults and Trenches/Pits
Hanford Barriers
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Alternative Description Score Recommendation

GW-I No Action Alternative 52.2 Retain for detailed analysis and risk assessment
data.

GW-3 Containment: Slurry Walls 53.9 Retain to preserve range of GRAs.
Extraction Wells

GW-2 Institutional: Water-rights and Deed Restrictions 57.2 Retain to preserve range of GRAs.
Groundwater Monitoring
Columbia River as Alternate Water Supply

GW-4 In Situ Biodenitrification 61.6 Retain as an in situ treatment action.
Treatment: Air Stripping

GW-5 Removal, Extraction Wells 71.6 Retain as a removal, treatment, and disposal

Treatment, Biodenitrification action based on chemical treatment processes.

& Disposal: Chemical Oxidation, Precipitation, and Chemical
Reduction

Media Filtration and Ion Exchange
Cement-based Solidification
Reinjection into Aquifer, Vaults, and Trenches/Pits

GW-6 Removal, Extraction Wells 71.9 Retain as a removal, treatment, and disposal

Treatment, Biodenitrification action based on physical treatment processes.

& Disposal: Air Stripping, Forced Evaporation, Media
Filtration, and Reverse Osmosis
Cement-based Solidification
Crib Disposal, Vaults, and Trenches/Pits

LA
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Alternative Description Score Recommendation

SS-1 No Action Alternative 55.4 . Retain for detailed analysis and risk assessment data.

SS-2 Institutional: Fencing and Deed Restrictions 56.5 Retain to preserve range of GRAs.

SS-5 Removal & Excavation 58.8 Screened based on retaining Alternative SS-4.
Disposal: RCRA Landfills and DOE Disposal Facilities

SS-6 Removal & Excavation 62.2 Screened based on retaining Alternative SS-4.
Disposal: Vaults and RCRA Landfills

Hanford Barriers and RCRA Multi-media Caps

SS-11 Removal, Excavation 62.4 Screened based on retaining Alternative SS-10.

Treatment, Thermal Desorption (hazardous organics)
& Disposal: Soil Washing

Vitrification
Vaults
RCRA Landfills and DOE Disposal Facilties

SS-4 Removal & Excavation 63.2 Retain as a removal and disposal action.

Disposal: Vaults and Trenches/Pits
Hanford Barriers and RCRA Multi-media Caps

SS-3 Containment: Grading, Diversion/Collection, Revegetation 63.5 Retain as a containment action.

Hanford Barriers and RCRA Multi-media Caps

SS-7 In Situ Biodenitrification 64.5 Screened based on retaining Alternative SS-8.

Treatment: Vitrification
Steam Stripping

SS-9 In Situ Biodenitrification 65.5 Screened based on retaining Alternative SS-8.

Treatment: Vitrification
Vapor Extraction

SS-8 In Situ Vitrification 66.6 Retain as an in situ treatment action.

Treatment:

SS-10 Removal, Excavation 67.4 Retain as a removal, treatment, and disposal action.

Treatment, Thermal Desorption (ha'ardous organics)
& Disposal: Soil Washing

Vitrification
Vaults and Trenches/Pits
Hanford Barriers
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6.0 FUTURE STUDY PHASES

While the scope of this document is limited to alternatives development and
screening for the 100 Area, future study phases will include:

* Treatability studies for support of remedy screening, selection, and design

* Focused feasibility studies (detailed analysis) for IRM remedy selection
and for final OU remedy selection.

This section provides an overview discussion of these future study phases,
explaining the needs and approach for development of a treatability study program plan
and explaining the general approach to conducting future focused FSs to bring 100 Area
operable units through remedy selection and Record of Decision.

6.1 TREATABILITY STUDIES AND TECHNOLOGY DEMONSTRATIONS

In this Phase I/II FS, alternatives are developed and screened for remediating 100
Area contaminated media. The technologies and process options selected for the
alternatives combine those that are conventional in the sense that they have been widely
applied elsewhere in actual site remediations and those that are innovative in the sense
that, while they may not have yet been applied, the technologies are promising and have
been developed to some degree, but lack sufficient cost and performance data to validate
their application to Hanford remediation. In either case, treatability data will be needed
to support both the detailed analyses of alternatives and the remedial design efforts. In
the case of conventional technologies, treatability data are needed to more thoroughly
evaluate them for Hanford site-specific contaminants and conditions. In the case of
innovative technologies, treatability data are needed to determine their fundamental
viability as technology options.

Treatability studies are conducted for two purposes:

* Provide sufficient data to allow treatment alternatives to be fully
developed and evaluated during the detailed analysis and to support the
remedial design of a selected alternative

* Reduce cost and performance uncertainties for treatment alternatives to
acceptable levels so that a remedy can be selected

The decision process for treatability investigations consists of:

* Determining data needs

* Reviewing existing data on the site and available literature on technologies
to determine if existing data are sufficient to evaluate alternatives

6-1
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Performing treatability tests, as appropriate, to determine performance,
operating parameters, and relative costs of potential remedial technologies

* Evaluating the data to ensure that data quality objectives (DQOs) are met.

Treatability studies usually consist of a combination of information research,
evaluation, and testing. Treatability testing is performed on different scales depending
upon the DQOs which must be met. The three levels of testing are:

* Laboratory screening
* Bench scale testing
* Pilot scale testing.

Treatability tests may initially be conducted on a laboratory scale to determine

the suitability of a technology quickly and inexpensively. Laboratory screening provides

qualitative data that would be used to determine the validity of the technology for
remediating the site. No cost or design information is provided from these tests.

Bench scale testing is usually performed using comparatively small volumes of

waste. These tests are generally used to determine if the "chemistry" of the process
works. Because small volumes and inexpensive equipment are used, bench tests can be

used economically to test a relatively large number of both performance and waste-

composition variables. Bench scale tests are performed to determine if a technology can
meet the performance goals of the remediation. The bench-scale tests provide
quantitative data which would permit more accurate cost, performance, and schedule
estimation for the full-scale remediation. Most FS detailed analysis phases require
testing on at least the bench scale.

Pilot scale studies are intended to simulate the physical as well as chemical
parameters of a full-scale process. Therefore, the treatment unit sizes and the volume of

waste to be processed in pilot systems greatly increase over those of bench scale. As
such, pilot tests are intended to bridge the gap between bench scale testing and full scale
operation, and are intended to more accurately simulate the performance of the full
scale process. Pilot scale testing is expensive. and time consuming relative to bench scale
testing. Pilot scale testing may generally be warranted in the following situations:

* Where the nature of the process is such that the physical and geometric
effects of the test equipment are important to simulate full-scale
performance. That is, in such cases, bench scale equipment is too small to
simulate critical performance parameters. An example is rotary kiln
incineration where it is difficult to evaluate the ability to handle a new
waste using a bench scale test.

* For innovative technologies which are not well developed or have not been
applied commercially or where scale-up information may be totally lacking

6-2
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* When there is a need to investigate secondary effects of the process, such
as air emissions, or when treatment residues are needed to test secondary
treatment processes

To determine the need for pilot testing, the potential for improved performance
or savings in time or money during the remedial implementation should be balanced
against the additional time and cost for pilot testing. Technologies requiring pilot testing
should also be compared to technologies that can be implemented without pilot testing.
Innovative technologies should be considered if they offer the potential for more efficient
treatment, waste destruction, or significant savings in time or money required to
complete the remedial action.

It is anticipated that the multiplicity of data needs will need to be filled, where
appropriate, by a combination of literature research, laboratory screening, bench scale
testing, pilot scale testing, and field demonstrations. Specific implementation work plans
will be required to define the specific scope and schedule of each study, test program, or
demonstration.

The starting point for identifying treatability study data needs will be the list of
screening alternatives developed in this Phase I/II FS. The number and scope of
treatability studies does not necessarily correlate with the number of alternatives, as
some alternatives may not need tests to support either detailed analysis or design.
Further, once the list of treatability study data needs are identified, all the candidate
studies need to be prioritized, focusing on the near-term needs associated with potential
100 Area IRMs. The initial focus also needs to be on those remedial alternatives which
show the highest potential for meeting remedial action objectives as indicated by their
relative evaluation scores.

The plan for treatability testing also needs to consider the need for engineering
development and subsequent technology demonstrations to support design and operation
of specialized equipment systems. As is the case with treatability studies which focus on
the workability of a specific physical or chemical process, the remedial programs will also
need development and demonstration of systems, hardware, and techniques associated
with remedial activities. Examples of such activities which may need support include
excavation, demolition, dust control, real-time instrumentation aid analysis, remote
operations, waste containerizing and transport, and systems integration.

Also important for treatability study planning is the identification of development
needs for those promising innovative technologies and process options which were
screened out in the FS because of a lack of sufficient development or operational data to
validate their viability for Hanford remedial applications. While such development and
testing needs may be of considerably lower priority in the overall program, it is
important to the long-range program that promising technologies are given some share of
attention, particularly if it is apparent that they offer significant technical or cost
advantage. Limited additional treatability studies of these innovative technologies would
be considered on a case-by-case basis. For example, considerable benefit might result
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from merely performing a comprehensive literature search and discussions with the
inventors or developers of the technology.

The specific elements of treatability testing and technology demonstrations will be
defined in the 100 Area Treatability Study Program Plan. This plan will be developed to
meet the following objectives:

0 Identify the list of technologies requiring treatability studies or technology
demonstrations for the 100 Area contaminated media. This information
will be extracted primarily from this FS report.

* Identify general data needs and test objectives to support detailed analysis
of alternatives and remedial design efforts.

* Define the specific studies and/or tests which will meet those objectives,
including defining the scale of the testing needed; include identification of
existing development programs and describe their progress to date and
future development plans; also identify treatability study programs being
conducted for other Hanford areas (or other DOE sites) and discuss
coordination needs.

* Prioritize the studies and/or tests focusing on near-term needs associated
with 100 Area IRMs.

* Identify order-of-magnitude costs and schedules associated with each study
or test program.

* Specify the methodology to be followed in conducting the studies and test
programs.

The program plan will be prepared in accordance with the Guide for Conducting
Treatability Studies Under CERCLA (Interim Final) (EPA 1989b) and the Guidance for
Conducting Remedial Investigations and Feasibility Studies Under CERCLA (Interim Final)
(EPA 1988a).

Since prioritization of the treatability studies is linked to the near-term needs of
the 100 Area IRMs, the development of the Treatability Study Program Plan will be
closely coordinated with development of a companion document, the 100 Area IRM
Program Plan.

6.2 FUTURE FEASIBILITY STUDY PHASES FOR 100 AREA OPERABLE UNITS

This 100 Area Feasibility Study provides alternatives development and screening
for the entire 100 Area. The scope of this effort is thus limited to that portion of a
CERCLA FS which is commonly referred to as Phases I and II. The detailed analysis
phase of a CERCLA FS, which is referred to as Phase III, will not be conducted on an
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aggregate area basis as was the case for this Phase I/II effort. Instead, detailed analysis
will take the form of individual Focused Feasibility Studies (FFS) to be performed either
on a waste site or site-group basis for purposes of selecting Interim Remedial Measures
(IRMs). To support the final ROD for the operable unit, the final FS will be performed
which will consist of a detailed analysis for the entire OU to select the OU remedy. The
IRM FFSs will be performed as further data become available from the Limited Field
Investigations (LFI) being performed for each 100 Area OU and from the 100 Area-wide
Studies. The IRM FFSs and the final OU FS will thus consist of waste site-specific
analyses of the alternatives developed in the Phase I/II effort using a combination of
site-specific and area-wide data generated by current and future investigation efforts. In
addition, all of the FFSs and the final FS for the OU will utilize information obtained
from specific technology treatability studies and technology demonstration projects (See
Section 6.1).

The IRM FFSs and the final OU FS will include the following steps:

0 Identify contaminants of concern for specific waste units
* Determine volumes or areas for specific waste units
* Determine the complexity of the site(s)
0 Develop RAOs specific to the waste sites or OU
* Update and refine the list of ARARs
0 Perform waste-site specific detailed analysis of alternatives.

While the IRM FFSs will generally follow the guidance prescribed by CERCLA
for conducting a detailed analysis (EPA 1988a, Section 6.0), the FFSs will be focused in
that the level of detail will be tailored to the level of complexity of a site(s). That is,
uncomplex sites, e.g., those involving few contaminants, limited contamination volume,
and/or low risk would require a less comprehensive evaluation. Conversely, complex
sites, e.g., those involving multiple contaminants, extensive contamination volume, and/or
substantial risk would require more comprehensive analysis, possibly including substantial
fate and transport modeling and alternative risk assessment.

The detailed analysis steps will include an evaluation of each remedial alternative
against the nine EPA evaluation criteria as required by CERCLA Section 121(b)(1).
These are listed as follows:

* Overall protection of human health and the environment
* Compliance with ARARs
* Long-term effectiveness and permanence
* Reduction of toxicity, mobility, or volume
* Short-term effectiveness
0 Implementability
0 Cost
* State acceptance
0 Community acceptance.
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Additional work beyond the IRM FFSs or final OU FS includes the preparation
of reports leading to either an interim Record of Decision (ROD), in the case of the
IRM, or a final ROD for the OU. The details of the RI/FS steps for the 100 Area
operable units are discussed below.

Figure 6-1 depicts the interrelationships and sequencing of steps and activities
which must be integrated to bring an operable unit from field investigation through
ROD. The diagram is consistent with the approach outlined in the Hanford Site Past
Practice Strategy (DOE-RL 1991d). This chart provides a graphical description of the
entire process of characterization activities, risk assessments (RA), treatability studies,
and feasibility studies for the high and low priority sites within an operable unit and for
the operable unit as a whole.

To aid in understanding each of the figure activity elements and their
interrelationships, each element is described in the steps below.

STEP 1: 100 AREA AGGREGATE AND HANFORD SITE STUDIES

The 100 Area and Hanford Site studies consist of a series of investigations
being conducted on a 100 Area or Hanford-wide basis. These investigations
include the river impact study, the shoreline studies, the ecological study, the
cultural resources study, and the Hanford background study. These studies
provide data to be used in the LFI Report and in all phases of risk assessment.
The 100 Area-wide and Hanford Site Studies are conducted in parallel with the
OU LFIs and the 100 Area Phase I/II FS.

The studies in this category also include development of a baseline risk
assessment methodology. This document serves as the basis for all risk
assessments to be performed at Hanford and ensures consistent application of risk
assessment methodology in the 100 Area. The levels of risk assessment include:

* Risk assessment for IRM decisions
* Qualitative risk assessments for remedial alternatives assessments as

part of focused feasibility studies
* Cumulative baseline risk assessment for final OU remedy selection.

STEP 2: LIMITED FIELD INVESTIGATIONS (LFI) AND REPORTS

The LFI is a data collection/characterization activity for the high priority
sites in each 100 Area operable unit and consists of data compilation, non-
intrusive investigations, intrusive investigations, and data evaluation subtasks
based upon the 100 Area OU rescoped work plans.

The LFI includes qualitative risk assessments for purposes of determining
the need for and/or selecting IRMs. This risk assessments utilize existing
information, data collected during the LFIs for the high priority sites, and data
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from the aggregate and Hanford Site studies for use in IRM decisions prior to
conducting the IRM focused FS.

The LFI reports are secondary documents summarizing data collection and
analysis activities of the LFIs and the qualitative risk assessments.

STEP 3: 100 AREA FEASIBILITY STUDY (PHASES I/II) AND REPORT

The 100 Area Feasibility Study, Phases I and II, consists of four subtasks:
contaminants of concern identification, ARARs identification, alternatives
development, and alternatives screening. These subtasks are performed on an 100
Area-wide basis and provide screened alternatives as the starting point for
subsequent focused FSs for IRM selection and for final feasibility studies for
selection of the operable unit remedy. This Phase I/II study does not include
detailed analysis of alternatives. Each focused FS (FFS) performs a detailed
analysis using site-specific data.

STEP 4: TREATABILITY STUDIES AND TECHNOLOGY DEMONSTRATIONS

Needs for treatability studies and technology demonstrations to support
future detailed analyses of remedial alternatives are based upon screened
alternatives developed in the 100 Area Phase I/II FS. Specific
treatability/demonstration recommendations and schedules are developed in a
Treatability Study Program Plan. Information collected in these studies and
demonstrations is used in the FFSs for IRM selection and in the final FSs for
final OU remedy selection.

STEP 5: FOCUSED FEASIBILITY STUDIES

Each focused FS consists of a detailed analysis of the alternatives
developed in the 100 Area FS for selection of the alternatives to be implemented
for each 100 Area IRM. Modeling is performed as part of each detailed analysis,
if required, and alternative risk analysis is performed at the same level as the
IRM risk assessment discussed in Step 2. Information from the treatability studies
and technology demonstration projects (See Step 4) is used in the analysis of
remedial alternatives. The FFSs are documented in LFI/FFS Reports.

STEP 6: LFI/FFS REPORTS

The LFI/FFS Reports are primary documents summarizing information
and data obtained from the 100 Area Phase I/II FS, the treatability studies and
demonstration projects, and the detailed analyses conducted during the focused
FS for each IRM. The LFI/FFS Reports are summarized in Proposed IRM Plans
and IRM RODs for the respective IRMs.
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STEP 7: PROPOSED IRM PLANS

The Proposed IRM Plans are primary documents describing the plans to
implement each IRM. The Proposed IRM Plans, which are essentially the same
as conventional CERCLA Proposed Plans, serve as the primary means of public
notification for solicitation of comment on the proposed actions. These
documents are prepared following the issuance of the LFI/FFS Reports.

STEP 8: IRM RODS

The IRM RODs are primary documents which summarize all information
contained in each LFI/FFS Report and its associated IRM Plan. The IRM ROD
is defined as the CERCLA document used to select the method of remedial
action to be implemented at a site or group of sites after the FS/proposed plan
process has been completed. For the 100 Area, the IRM ROD covers the high
priority site(s) and the specific remedial actions implemented as IRMs.

For a given OU, the final operable unit RODs is issued after all the low
priority sites within the OU have been characterized, if necessary, and the
cumulative risk assessment and final FS for OU remedy selection have been
completed for the operable unit as a whole (See Step 12).

STEP 9: IRM DESIGN REPORTS

The IRM Design Reports are secondary documents and provide
engineering and technical specifications for implementing each IRM identified in
the IRM ROD.

STEP 10: IRM IMPLEMENTATION

Implementation of each 100 Area IRM consists of construction and
operations phases. These phases vary in scope and complexity among IRMs with
respect to manpower needs, equipment expenditures, durations, etc. These
activities can run concurrently with other activities such as final remedial
investigations. Any data collected as a result of the IRM implementation are
used in the cumulative risk baseline assessment and the final remedy selection for
the operable unit (See Step 12).

STEP 11: FINAL RI AND REPORT

The final RI for each OU provides any additional data and
characterization needed to support the final remedy selection process for the
operable unit. Characterization activities are conducted, as agreed by the unit
managers, on the remaining low priority sites and at high priority sites where final
cleanup criteria were not achieved during the IRM.
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A final RI may consist of data compilation, non-intrusive investigations,
intrusive investigations, and data evaluation. Analyses conducted during the final
RI use data collected during the LFI, during IRM implementation, and in
previous investigations.

The final RI for each OU includes performance of the cumulative baseline
risk assessment for the OU. This risk assessment is a quantitative evaluation of
residual risk at the operable unit after completion of the IRMs and is conducted
according to the Hanford Baseline Risk Assessment Methodology. The results
are then used in the final feasibility study to evaluate alternatives for the final
remediation of the operable unit.

STEP 12: FINAL FS FOR THE OU

The final FS for each OU is performed using the alternatives developed
and screened in the 100 Area Phase I/II FS, information from the focused
feasibility studies for IRMs, results of the IRMs, results of the treatability studies
and technology demonstrations, and the cumulative baseline risk assessment.
Modeling, if required, is performed as part of the detailed analysis. The studies
are documented in the RI/FS Reports (Step 13).

STEP 13: RI/FS REPORT

The RI/FS Report for each OU is a primary document which summarizes
all data collection and study activities conducted during the final RI and FS
phases for the OU. The report supports development of the Proposed Remedial
Action Plan (Step 14) and the Operable Unit ROD (Step 15).

STEP 14: PROPOSED REMEDIAL ACTION PLAN

The Proposed Remedial Action Plan for each OU presents a summary of
all information contained in the OU RI/FS Report and identifies the remedial
action selected for the OU. The Proposed Remedial Action Plan is brief and is
written in simple layman's terms, since it is used primarily to inform members of
the public. The primary reports generated during the process are referenced and
a preferred final remedy for operable unit remediation is recommended for the
OU.

STEP 15: OPERABLE UNIT ROD

The OU ROD summarizes the RI/FS report as well as any changes to the
selected remedial action as a result of public comment on the proposed remedial
action plan. The OU ROD is a primary legal document certifying that the
remedial action selection process was carried out in accordance with the
governing authority, i.e. CERCLA or RCRA, and committing the three parties to
perform the remedial action in accordance with its specifications. The OU ROD
presents a technical description of the remedial action; the final engineering,
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institutional, and remedial goals; and site information. The OU ROD is written
and issued by the regulators.

STEP 16: REMEDIAL ACTION DESIGN REPORT

The remedial action design report for the OU is a secondary document
and provides engineering and technical specifications for implementing the
remedial action identified in the OU ROD.

STEP 17: REMEDIAL ACTION IMPLEMENTATION

The remedial action for the OU is implemented in a construction and
operations phase. Depending upon the timing of individual OU RODs and the
remedies selected for final remediation, the remedial action implementation
phases for two or more OUs may be aggregated.
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GLOSSARY

Background Concentration - The concentration of a regulated substance (and/or its
dissociated constituents) that:

" Is consistently present in the environment in the vicinity of a site; and

* Is either naturally occurring or the result of human activities unrelated to releases
from that site.

Half-Life - The time required for an unstable element or nuclide to decay to or lose one-half
of its radioactive intensity.

Operable Unit - A discrete portion of the Hanford Site, as identified in Section 3.0 of the
Hanford Federal Facility Agreement and Consent Order, First Amendment (Ecology, 1990).

Potential Contaminant of Concern - A regulated substance (and/or its dissociated
constituents) which:

" Was potentially released in the 100 Area,

" Has been detected in the environment at a concentration above the background
concentration,

* Has been detected at a concentration equal to or greater than a regulatory limit, and

" Is of toxicological significance.

Potential Release - The possibility for any spilling, leaking, pumping, pouring, emitting,
emptying, discharging, injecting, escaping, leaching, dumping, or disposing of a radionuclide
and/or chemical substance to the environment. All potentially released substances (and their
dissociated constituents) are assumed to be contaminants.

Radiological Inventory - An estimate of radiological materials and concentrations potentially
remaining in or released to a given source area.

Regulated Substance - All radiological substances, and those chemical substances (or
constituents) which may be subject to the regulatory requirements of any one of the
following:

* 40 CFR §302.4
* 40 CFR Part 761
* 40 CFR Part 300
* 40 CFR §§141.61 and 141.62
* WAC 173-340
* WAC 173-200.
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Regulatory Contaminant of Concern - A regulated substance (and/or its dissociated
constituents) which:

" Was potentially released in the 100 Area,

" Has been detected in the environment at a concentration above the background
concentration, and

* Has been detected at a concentration equal to or greater than a regulatory limit.

Source - The contaminated soils, sediments, or sludges in the immediate area of a release of
a radionuclide and/or chemical substance.

Suspect Contaminant - A regulated substance (and/or its dissociated constituents) which:

" Was potentially released in the 100 Area, and

" Has been detected in the environment either in concentrations below background
concentrations or less than regulatory limits, or

* Is not toxicologically significant.
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1.0 PURPOSE

This report has been prepared to support the Phase I/II Feasibility Study (FS) being
conducted for the Hanford 100 Area. An essential element of the FS is to determine which
contaminants must be remediated as part of the environmental restoration program in the 100
Area. The purpose of this report is to present a consistent methodology for determining
potential contaminants of concern for use in evaluating remedial alternatives.

Contaminants of concern were identified in each of the draft 100 Area operable unit
work plans. However, the approach for determining contaminants of concern was not
consistent among the work plans. Therefore, one objective of this study was to provide a
uniform decision-making process for the entire aggregate area so as to arrive at a defensible
list of contaminants to be considered in the FS.

The results of this study are not intended to provide a final determination of
contaminants of concern. That determination will be made as a result of collecting additional
field data and conducting operable unit baseline risk assessments. Such risk assessments are
not within the scope of this Phase I/iI FS.
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2.0 ORGANIZATION AND SCOPE

The determination of contaminants of concern for the 100 Area was conducted in two
phases. The first phase entailed: 1) identification of radiological and/or chemical substances
potentially released in the 100 Area and 2) comparison of concentration data with background
concentrations and established regulatory limits. The end-product of the first phase is a list
which is referred to as "regulatory contaminants of concern" (Table 1). Chapter 3.0 of this
report addresses this first phase of the effort.

The second phase, utilizing the results of the first phase, performed a qualitative
toxicity assessment. The purpose of this assessment in the second phase was to determine
which of the regulatory contaminants of concern were of toxicological significance. The
end-product of the second phase is a list of potential contaminants of concern to be used for
evaluating remedial alternatives (Section 5.0, Table 2). Chapter 4.0 of this report provides
the methodology and rationale for this second phase of the effort.

The following considerations form the fundamental bases upon which the decision
logic was derived. The first three items pertain to the first phase and the last item pertains
to the second phase.

" Radioactive half-life (radionuclides which have undergone ten half-lives were
assumed to have decayed sufficiently to be of little concern (Gloyna and Ledbetter
1969);

" Comparison of sample concentration versus background concentration;

" Comparison of sample concentration versus the most stringent, established
regulatory limit, if any; and

* Toxicological characteristics.

Appendices AA through AD of this report provide data and rationale as backup to the
determination of the regulatory contaminants of concern. The contents of each of the
appendices are as follows.

* Appendix AA provides the resultant lists of regulatory contaminants of concern,
suspect contaminants, and contaminants eliminated from further consideration.

" Appendix AB compares the most stringent numerical regulatory limits with the
environmental sampling data for the regulatory contaminants of concern which
pass the decision logic.

* Appendix AC indicates which of the nonradiological, chemical contaminants are
regulated, and the regulatory authority for each.
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Appendix AD provides tables depicting how each contaminant passed through the
decision logic diagrams (Figures 1 and 2) and the critical decision point where it
was classified as a regulatory contaminant of concern, suspect contaminant, or
eliminated from further consideration.

Appendix AE of this report pertains to the qualitative toxicity assessment. The tables
in Appendix AE outline how each of the regulatory contaminants of concern passed through
the decision logic diagram (Figure 3).

2.1 SCOPE OF IDENTIFICATION OF POTENTIALLY RELEASED SUBSTANCES

Identification of potentially released substances was confined to a review and
evaluation of environmental data pertaining to the following two types of units.

* 100 Area Resource Conservation and Recovery Act (RCRA) Past-Practice (RPP)
unil as detailed in RCRA Facility Investigation/ Corrective Measures Study
(RFI/CMS) draft work plans for the 100 Area

* Comprehensive Environmental Response. Compensation. and Liability Act
(CERCLA) Past-Practice (CPP) units as detailed in Remedial Investigation/
Feasibility Study (RI/FS) draft work plans for the 100 Area.

Eleven RI/FS and RFI/CMS draft work plans were written for the priority liquid
waste operable units in the 100 Area (DOE 1990a-e; 1991a-f). Data were obtained from
these work plans to identify substances potentially released. For the remaining 14 operable
units for which no work plans have yet been drafted (primarily lower priority solid waste
units) the following sources of information were used:

* "Radiological Characterization of the Retired 100 Areas" (Dorian and Richards,
1978);

* "Estimates of Solid Waste Buried in the 100 Area Burial Grounds" (Miller and
Wahlen, 1987); and

* "Engineered-Facility Sites (HISS Data Base)" (Stenner et al., 1988a).

Information on other units (e.g., RCRA treatment, storage, or disposal (TSD) units
and currently undesignated units) was not reviewed or included in the identification of
potentially released substances.

Key assumptions are listed as follows:

* The list of potentially released substances was derived from existing site data.
Any new sampling or monitoring data produced after the initiation of this task
were not considered.
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" Sampling and monitoring data used were assumed to be of adequate quality to
support this effort. Data were not evaluated for adequacy. The 100 Area
documentation and environmental data reviewed for this report were compiled by
many different companies and organizations over a period of several decades.
Because of limitations on the scope of this project, no attempt was made to
determine the adequacy of the sampling methodology, monitoring well locations,
or laboratory quality assurance information.

" Only soils and groundwater data were evaluated. It is assumed that any
contaminants released as air emissions are present in surface soils through
deposition. Therefore, soils sampling data are assumed to account for past
atmospheric contaminant releases.

2.2 SCOPE OF REGULATORY CONTAMINANTS OF CONCERN
DETERMINATION

The determination of regulatory contaminants of concern is based upon five key
elements:

" Data which show that a chemical or radionuclide was used or generated within an
operable unit and subsequently was released or potentially released to the
environment

* Regulatory status of radionuclides or chemicals and their constituents

" Sample concentration data

" Background concentration data

" Comparison of sample concentration data with background and regulatory limits.

Section 3.0 describes the details of the methodology used to determine which of the
contaminants potentially present at the site are of concern with respect to background
concentrations and regulatory limits.

2.3 SCOPE OF TOXICITY ASSESSMENT

The qualitative toxicity assessment further refines the contaminant of concern
determination by evaluating the toxicological significance of each regulatory contaminant of
concern. The toxicity assessment is based upon five key elements:

* Review of supplemental Environmental Protection Agency (EPA) guidance which
eliminates certain metallic contaminants based upon previous determinations of
low or negligible toxicity
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" Determination of the carcinogenicity of each contaminant

" Determination of reference doses for each non-carcinogen

* Calculation of a hazard quotient for non-carcinogens based on an ingestion
exposure route

" Assessment of calculation results based upon EPA guidance on contaminant
screening.

Details of the methodology for the qualitative toxicity assessment are given in Section
4.0.
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3.0 REGULATORY CONTAMINANTS OF CONCERN

Decision logic diagrams were used to determine the regulatory contaminants of
concern and -suspect contaminants. Figures 1 and 2 provide the decision logic diagrams for
nonradiological, chemical substances and radiological substances, respectively. Inputs used
in the decision diagrams include:

" Chemical and radiological substances used and/or released;
* Environmental sampling data;
" Regulatory limits and background concentrations; and
" Inventory and disposal records.

Suspect contaminants are contaminants that have been detected in environmental
samples in the 100 Area at concentration levels below background concentrations or below
regulatory limits. The suspect contaminant list identifies those contaminants for which
subsequent data collection can confirm whether or not the contaminants are present in
concentrations below regulatory concern. When subsequent data become available, the
suspect contaminants would be re-evaluated via the decision logic at the input box entitled
"Compile Environmental Sample Records" (see Figures 1 and 2).

Since the Phase I/Il FS is divided by source, groundwater and N Area, the
contaminants were differentiated on the basis of groundwater versus source (e.g., soil)
operable unit contaminants. N Area contaminants were identified separately. Non-
radiological (chemical) contaminants were identified separately from radiological
contaminants.

Nonradiological contaminants were further categorized as:

" Metals;
" Nonmetallic inorganic ions and compounds;
" Volatile organic compounds; and
" Other organic compounds.

3.1 DECISION LOGIC DIAGRAM - NONRADIOLOGICAL, CHEMICAL
SUBSTANCES

Figure 1 provides the decision logic diagram for nonradiological, chemical substances
(and their respective dissociation constituents, if any). The following sections explain each
of the sequential steps and/or decision points in the diagram. Each of these points is
numbered on the diagram and listed as follows:
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Diagram Description Diagram Identifier
Chemcal potentially released to the environment. I
Is contaminant regulated? 2
Are environmental data available? 3
Does contaminant exceed background? 4
Are regulatory limits established? 5
Does contaminant exceed regulatory limit? 6

The final step, "Is contaminant of toxicological significance?", is addressed in
Chapter 4.0 of this report.

Each step of Figure 1 is explained in more detail in the following subsections.

3.1.1 "Chemical Potentially Released to the Environment."

All nonradiological, chemical substances known to have been used in the 100 Area
were considered as potentially released to the environment. That is, all chemical substances
and constituents identified in the draft 100 Area work plans and the documents listed in
Section 2.1 passed this step in the decision logic diagram.

3.1.2 "Is Contaminant Regulated?"

A
regulated

chemical substance and/or its respective dissociation constituents was considered
if it is subject to or listed under any one of the following:

* Listed as a CERCLA hazardous substance (40 CFR §302.4). The statutory
sources for the designation of a substance as hazardous under CERCLA include:

- Clean Air Act and Amendments, Section 112
- Clean Water Act Sections 307(a) and 311(b)(4)
- Resource Conservation and Recovery Act (RCRA), Section 3001

" Subject to Toxic Substances Control Act regulation (40 CFR Part 761)

* Subject to National Oil and Hazardous Substances Pollution Contingency Plan
guidelines (40 CFR Part 300)

* Listed as having a Primary Drinking Water Standard maximum contaminant level
(MCL) (40 CFR § §141.61 and 141.62) under the Safe Drinking Water Act
(SDWA) (42 U.S.C. 300f et seq.)

* Regulated under the State of Washington Model Toxics Control Act (MTCA)
Cleanup Regulation (Chapter 173-340 Washington Administrative Code [WAC])
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Regulated under the State of Washington Ground Water Quality Standards (WAC
173-200).

Table AC-1, Appendix AC, lists all nonradiological, chemical contaminants known or
suspected to have been released in the 100 Area. All substances used in the 100 Area have
been assumed to have also been released and are, therefore, considered to be contaminants.
The purpose of the table is to indicate pertinent federal and state environmental regulations
applicable to the chemical substances.

In addition to substances used in the 100 Area, Table AC-1 also lists dissociation
constituents for those substances that readily dissociate in the environment, e.g., acids and
soluble salts.

For example, nitrate originating from nitric acid is considered as a distinct
contaminant, as is chromium originating from sodium dichromate.

If the chemical substance or its dissociation constituent is regulated, it passes to the
next decision point ("Are environmental data available?"). If not regulated, the contaminant
is eliminated from further consideration as a regulatory contaminant of concern. Table AA-
4, Appendix AA lists those contaminants which have been eliminated from further
consideration on this basis.

3.1.3 "Are Environmental Data Available?"

If a contaminant is regulated, the next decision point utilizes information contained in
the 100 Area work plans to determine whether or not environmental data exist for the
contaminant. If environmental data for the contaminant do not appear in the work plans, the
contaminant was considered a regulatory contaminant of concern because the concentration of
that contaminant in the environment cannot be shown to be below background concentrations
(diagram step 4) or regulatory limits (diagram step 5). If environmental data for the
contaminant appear in the work plans, the contaminant passed to the next step in the logic
diagram where environmental data were compared to established background concentration
values.

3.1.4 "Does Contaminant Concentration Exceed Background?"

This step compares environmental sample concentration data to established
background concentrations. If any sample concentration exceeded an established background
concentration value, the contaminant was passed on to the next decision point (Are regulatory
limits established?). If the contaminant concentration did not exceed an established
background concentration value, the contaminant was classified as a suspect contaminant.
Suspect contaminants are identified by the letter 'S' in the Appendix AA tables. Section 3.7
provides a discussion of background data.
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The purpose of the suspect contaminant list is to retain the contaminants for re-
evaluation pending future field data collection. The additional data would be incorporated
into the input box entitled "Compile Environmental Sampling Records". The re-evaluation
would be used to confirm whether or not the contaminant concentrations are of regulatory
significance.

3.1.5 "Are Regulatory Limits Established?"

If the contaminant concentration exceeded an established background value or if the
background level was not known, then a check was made to determine whether there are

federal or state numerical limits established in the regulations. If there are no established
regulatory limits, the contaminant was entered as a regulatory contaminant of concern. If
there are established regulatory limits, contaminant concentrations were compared to those
limits in the next step of the decision logic. Section 3.6 lists the regulations from which the
numerical, regulatory limits were obtained.

3.1.6 "Does Contaminant Concentration Exceed Regulatory Limit?"

If there are numerical limits established in the regulations and the contaminant
concentration exceeds the most restrictive of those limits, the contaminant was entered as a
regulatory contaminant of concern. If there are established regulatory limits and the
contaminant concentration is lower than the most restrictive regulatory limit, the contaminant
was classified as a suspect contaminant. See Section 3.6 for further discussion of regulatory
limits and Appendix AB for comparisons between contaminant concentrations and regulatory
limits.

3.2 DECISION LOGIC DIAGRAM - RADIOLOGICAL CONTAMINANTS

Al radiological contaminants known to have been generated in the 100 Area were

potentially released to the environment and were subjected to the decision logic diagram for
radiological constituents (Figure 2). The following subsections explain the sequential steps
and decision points in the logic diagram for radionuclides.

3.2.1 "Is the Half-Life More than Two Years?"

Radioactive half-life was used as a decision criterion for all reactor areas except the
N Area. Because operations in the N Area are more recent, half-lives were not used to
eliminate radionuclides from further consideration for that area.

For the other reactor areas in the 100 Area, short-lived radionuclides (i.e.,
radionuclides with half-lives less than two years) are assumed to have decayed to
concentrations well below the level of concern (Gloyna and Ledbetter 1969). That is, since
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it has been more than 20 years since the last reactor was shut down, the radionuclides would
have undergone decay for at least 10 half-lives, which is sufficient to reduce concentration to
insignificant values. Therefore, these radionuclides are no longer considered in the
contaminant of concern determination and were placed on Table A-4, Contaminants
Eliminated from Further Consideration (see Appendix AA).

For N Area, all radionuclides were retained, since sufficient time has not yet elapsed
for the short-lived radionuclides to have decayed.

3.2.2 "Are Environmental Data Available?"

This step follows the same approach as for chemical constituents.

3.2.3 "Does Radionuclide Concentration Exceed Background?"

This step follows the same approach as for chemical constituents.

3.2.4 "Are Regulatory Limits Established?"

This step follows the same approach as for chemical constituents, except that the
federal regulations used for this step consist of the primary drinking water standards (40 CFR
141) and the environmental radiation protection standards for management and disposal of
spent nuclear fuel, high-level and transuranic radioactive wastes (40 CFR 191, Radiation
Protection Standards), as excerpted in the Westinghouse Hanford Company "Environmental
Compliance Manual" (WHC-CM-7-5).

3.2.5 "Does Contaminant Concentration Exceed Regulatory Limit?"

This step follows the same approach as for the chemical constituents.

3.3 ESTIMATED RADIOLOGICAL INVENTORIES

Estimated operable unit radiological inventories are presented in Tables AB-l and
AB-6 (Appendix AB). These inventories are only presented for informational purposes,
since the inventories were not used as a criterion for identifying regulatory radionuclide
contaminants of concern. The radiological inventories were obtained from:

" Operable unit draft work plans (DOE 1990a-e; 1991a-f)

* "Radionuclide Inventory and Source Terms for the Surplus Production Reactors at
Hanford" (Miller and Steffes, 1987)
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* "Estimates of Solid Waste Buried in 100 Area Burial Grounds" (Miller and
Wahlen, 1987)

* "Engineered-Facility Sites (HISS Data Base)" (Stenner et al., 1988a)

* "Unplanned-Release Sites (5HSS Data Base)" (Stenner et al., 1988b)

* "Radiological Characterization of the Retired 100 Areas" (Dorian and Richards,
1978).

The estimated radiological inventories indicated in the Appendix AB tables represent
data collected from 1978 through 1986. The radionuclide inventories used in this report
were taken directly from the above listed sources of information and were not updated to
account for radiological decay occurring since the inventories were last documented.

Radiological inventories are not available for all waste units within each operable unit
and no-attempt was made to estimate unavailable inventories. The inventories for each of the
waste units were totaled to yield a single inventory value for an individual operable unit.

3.4 POTENTIAL RELEASES

Potential release or disposal data are presented in Tables AB-1 through AB-10
(Appendix AB) and are only provided for informational purposes. The potential release data
were not used as a criterion for identifying regulatory contaminants of concern. That is, the
decision logic assumed that all chemicals and radionuclides known to have been used in the
100 Area were considered as potentially released to the environment. The release and
disposal information was obtained from:

* Operable unit draft work plans (DOE 1990a-e; 199la-f)

* "Radionuclide Inventory and Source Terms for the Surplus Production Reactors at
Hanford" (Miller and Steffes, 1987)

* "Estimates of Solid Waste Buried in 100 Area Burial Grounds" (Miller and
Wahlen, 1987)

* "Engineered-Facility Sites (HISS Data Base)" (Stenner et al., 1988a)

* "Unplanned-Release Sites (HISS Data Base)" (Stenner et al., 1988b).

3.5 SAMPLE CONCENTRATION

A sample concentration column is included in the regulatory contaminants of concern
tables (Tables AB-1 through AB-10, Appendix AB). This column contains a range of
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concentrations observed in groundwater or soil samples from the 100 Area for each listed
contaminant, if such data exist. The range consists of a minimum and a maximum
concentration and was derived from sampling data for all the listed operable units found to
contain that contaminant.

Some of the concentrations shown did not exceed the regulatory limits or background
levels. Additionally, environmental data are not available for many of the constituents. The
environmental data were obtained from:

" Operable unit draft work plans (DOE 1990a-e; 1991a-f)

* "Treatability Investigation Work Plan for the 116-B-6A Crib ISV Demonstration
Project" (Campbell et aL., 1990)

" "Soil Sampling Test Results for 1324-N Pond" (Chou, 1989)

* "Radiological Status of the Ground Water Beneath the Hanford Site: January-
December, 1981" (Eddy, et al., 1982)

* "Hanford Site Ground-Water Monitoring for January Through June 1988" (Evans,
et al., 1989)

" "UNC Environmental Surveillance Report for the 100 Areas -- FY 1981"
(Greager, 1981)

* "UNC Environmental Surveillance Report for the 100 Areas FY 1886" (Jacques,
1987)

* "Hanford Site Environmental Report for Calendar Year 1988" (Jacquish and
Bryce [eds.], 1989)

" "Estimates of Solid Waste Buried in 100 Area Burial Grounds" (Miller and
Wahlen, 1987).

3.6 REGULATORY LIMITS

Concentrations of contaminants from both groundwater and soil samples were
compared to the most restrictive state or federal regulatory limit to identify regulatory
contaminants of concern or suspect contaminants. Federal limits are available for a limited
number of groundwater contaminants. State and federal regulatory limits were obtained
from:

* "Washington Ground Water Quality Standards" (WAC 173-200)

* "The Model Toxics Control Act Cleanup Regulation" (WAC 173-340)
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" Westinghouse Hanford Company "Environmental Compliance Manual"
(limits taken from 40 CFR 191) (WHC-CM-7-5)

" Safe Drinking Water Act "Primary Drinking Water Rule" (maximum
contaminants levels) (40 CFR 141).

The Model Toxics Control Act Cleanup Regulation (MTCA) was used to derive state
regulatory limits for groundwater and soils for chemical constituents. Because the 100 Area
is considered as an environmentally complex site, the Method B formulae were used to
derive the state limits under MTCA.

In addition to limits derived by MTCA Method B, MTCA also may require
consideration of the federal SDWA Secondary Drinking Water Standards (40 CFR 143) and
the federal SDWA Drinking Water Standard maximum contaminant level goals (MCLGs) (40
CFR §141.50).

Maximum contaminant levels established by the Washington State Board of Health
(Chapter 248-54 Washington Administrative Code (WAC]) are also required under MTCA,
but are equal to or less stringent than the other regulatory limits required under MTCA.

If more than one state limit exists for a contaminant, the most restrictive state limit is
presented in Appendix B tables. For example, arsenic has a more restrictive state
groundwater limit (Washington Ground Water Quality Standards) (0.05 ptg/L) than the
MTCA Method B limit of 50 pg/L. Therefore, the Washington Ground Water Quality
Standard for arsenic is given in the appropriate Appendix AB table.

In addition to currently codified SDWA MCLs, pending SDWA MCLs were utilized
as federal regulatory limits in this report. The effective dates for the revised MCLs are as
follows:

* Revised MCLs for cadmium, chromium, mercury, nitrate, and selenium will
become effective on July 30, 1992

* The revised MCL for lead will become effective on December 7, 1991

" The revised MCL for barium will become effective on January 1, 1993.

If a numerical regulatory limit does not exist for the contaminant, then the
contaminant was included by default as a regulatory contaminant of concern.

3.7 BACKGROUND CONCENTRATIONS

Established background concentrations given in the draft 100 Area work plans were
compared to sample concentrations. Background concentration values are presented in
Tables AB-1 through AB-10, Appendix AB and were obtained from:
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" Operable unit draft work plans (DOE 1990a-e; 199la-f)

* "Soil Sampling Test Results for 1324-N Pond" (Chou, 1989)

" "Status Report of Remedial Investigation of the Area 300 Process Ponds"
(Dennison, et al., 1988)

* "Hanford Site Ground-Water Monitoring for April Through June 1987" (Evans, et
al., 1988)

* "Hanford Site Ground-Water Monitoring for January through June 1988" (Evans
et al., 1989)

" "Hanford Site Environmental Report for Calendar Year 1988" (Jacquish and
Bryce (eds.), 1989)

" "Ground-Water Monitoring at the Hanford Site January-June 1988" (Pacific
Northwest Laboratory, 1989)

* "Characterization and Use of Soil and Groundwater Background for the Hanford
Site" (WHC 1991a).

3.8 DETECTION LIMITS

Detection limits vary over time due to the development of increasingly sensitive
instruments and analytical methods. Detection limits for the groundwater and soil quality
data reviewed in this report, if available, are shown in the detection limit column of the
regulatory contaminants of concern tables. Detection limits are provided for information to
help qualify data which are shown to be non-detect. The detection limits were obtained
from:

* Operable unit draft work plans (DOE 1990a-e; 199la-f)

* "Hanford Site Ground-Water Monitoring April through June 1987" (Evans et al.,
1988)

* "Hanford Site Ground-Water Monitoring for January through June 1988"
(Evans et al., 1989)

* "Hanford Site Ground Water Surveillance 1989" (Evans et al., 1990).
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3.9 RESULTS AND CONCLUSIONS FOR REGULATORY CONTAMINANTS OF
CONCERN

Table 1 provides a summary listing of the regulatory contaminants of concern and
suspect contaminants. All contaminants listed as regulatory contaminants of concern are
further evaluated for toxicological significance in Chapter 4.0, Qualitative Toxicity
Assessment. The tables in Appendix AA provide additional detail regarding the regulatory
contaminants as follows:

" Table AA-1 presents the regulatory contaminants of concern and suspect
contaminants, sorted by operable unit, for all source operable units in the 100
Area, excluding N Area.

" Table AA-2 shows the regulatory contaminants of concern and suspect
contaminants, sorted by operable unit, for all groundwater operable units in the
100 Area, excluding N Area.

" Table AA-3 gives the regulatory contaminants of concern and suspect
contaminants for each of the N Area operable units.

* Table AA-4 lists the contaminants eliminated from further consideration based
upon the regulatory analysis.

Tables AA-1 through AA-3 indicate the specific operable units for which a
contaminant is either of concern or is suspect. However, care must be taken not to draw too
many conclusions from these tables. Important qualifiers should be considered when
evaluating these tables:

" Even though the tables indicate regulatory contaminants of concern and suspect
contaminants by OU, the actual determination of these was not performed on an
OU basis but on the 100 Area as a whole. For example, a contaminant may have
qualified as a regulatory contaminant of concern because it exceeded background
or the regulatory limit based on the highest concentration found in the 100 Area.
In this case, the contaminant was listed as a regulatory contaminant of concern for
each OU which reported that contaminant, even though the contaminant may not
have exceeded background or regulatory limits in that OU. Thus, if a
contaminant was listed as a regulatory contaminant of concern for a specific OU,
it does not necessarily mean that this contaminant was actually found to be present
in that OU in concentrations exceeding the levels of regulatory concern.

" The tables should be used for illustrative purposes to indicate the relative
frequency of occurrence of a contaminant.

" The tables do not indicate which operable units must be remediated.
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The first phase of the effort determined which of the radionuclide and chemical

substances used in the 100 Area are of regulatory significance. However, while a

contaminant may be of regulatory significance (such as based on CERCLA reportable

quantities), it may not necessarily be of concern if the contaminant is not toxicologically

significant as it exists in the environment. In the RIFS process, contaminants are evaluated

for toxicological significance by performing a toxicity assessment as part of a baseline risk

assessment. Since this preliminary FS effort does not have the benefit of a completed
baseline risk assessment, a second step is needed to at least qualitatively assess a

contaminant's toxicity so as to arrive at a more realistic contaminant list for purposes of

remedy assessment. This qualitative toxicity assessment step is the subject of Section 4.0

below.
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4.0 QUALITATIVE TOXICITY ASSESSMENT

The qualitative toxicity assessment was performed on the regulatory contaminants
identified in Section 3.0 of this report. Assumptions, methodology and results are described
in the subsections below.

4.1 ASSUMPTIONS AND LIMITATIONS

The key assumptions and limitations regarding the qualitative toxicity assessment are
listed as follows:

" The assessment only considered risk-based factors; compliance with applicable or
relevant and appropriate requirements (ARARs) was not considered.

* Only regulatory contaminants of concern were assessed in the qualitative toxicity
assessment; suspect contaminants were not assessed.

" Contaminants dropped as a result of the toxicity assessment are placed on the
suspect list.

" Assumptions on carcinogenicity:

- All radionuclides were assumed to be carcinogenic,

- Carcinogens are defined by HEAST, Table 3, or by IRIS as a Group A, Bi, or
B2 carcinogen,

- Petroleum products are assumed to be carcinogenic because of benzene,

- All carcinogens are assumed to be of toxicological significance and thus are
potential contaminants of concern.

" Assumptions for toxicity screening hazard quotient calculation (noncarcinogens):

- The ingestion exposure route was assumed for all calculations (Equations 9 and
15 in EPA guidance).

- A hazard quotient of 0.1 was assumed for screening as recommended by EPA
guidance.

- The equations utilized combine ingestion by both children and adults.

- Individual hazard quotients were calculated for each contaminant; cumulative
effects were not considered.
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- If an oral reference dose has not been established then the contaminant was
placed on the suspect contaminants list.

- For noncarcinogens with an established oral reference dose: if no sampling
data are available then the contaminant was assumed to be a potential
contaminant of concern as the hazard quotient could not be computed.

4.2 DECISION LOGIC

The purpose of the decision logic for the qualitative toxicity assessment is to
determine if the regulatory contaminants of concern are of toxicological significance. The
decision logic for the qualitative toxicity assessment is diagrammed in Figure 3. The
following sections explain each of the sequential steps and/or decision points in the diagram.
Each of these points is numbered on the diagram and listed as follows:

Diagram Description Diagram Identifier

"Known or suspected carcmogen?"
"Candidate for elimination per guidancer' 8

"Oral RfD in HEAST or IRIS?" 9
"Hazard Quotient greater than 0.17" 10

4.2.1 "Known or suspected carcinogen?"

Regulatory contaminants of concern are initially sorted on the basis of carcinogenicity

(see Step 7 of Figure 3). All radionuclides and Groups A, Bi, and B2 carcinogens are
assumed to be known or suspected carcinogens. Therefore, per step 7 of Figure 3, these

contaminants are included in the list of potential contaminants of concern. Noncarcinogens

are further assessed in Step 8 of the decision logic.

Information on the carcinogenicity of the regulatory contaminants of concern was

obtained from the Health Effects Assessment Summary Tables (HEAST)(EPA 1991) and

from the Integrated Risk Information System (IRIS) on-line database. The following are

descriptions of the groups of carcinogens as provided in HEAST (EPA 1991):

" Group A - Human Carcinogen (sufficient evidence of carcinogenicity in humans).

" Group B - Probable Human Carcinogen (B1 - limited evidence of carcinogenicity

in humans; B2 - sufficient evidence of carcinogenicity in animals with inadequate

or lack of evidence in humans).
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4.2.2 "Candidate for elimination per guidance?"

Region X of the EPA has issued supplemental guidance for Superfund risk
assessments. This guidance was also incorporated into the Hanford Site Baseline Risk
Assessment Methodology document (DOE-RL 1991c). The guidance states:

"Six inorganic constituents which are often analyzed for but which are not associated
with toxicity to humans under normal circumstances are aluminum, calcium,
magnesium, potassium, iron and sodium. No quantitative toxicity information is
available for these elements from EPA sources. These six elements can generally be
eliminated from the human health risk assessment at the screening stage based on
qualitative judgement." (EPA Region X 1991)

Noncarcinogenic, regulatory contaminants of concern were compared to this list of
six to determine which are candidates for elimination from further consideration in the
qualitative toxicity assessment. Contaminants thus eliminated were placed on the suspect
contaminants list.

4.2.3 "Oral RfD in HEAST or IRIS?"

The next step in the qualitative toxicity assessment (Step 9) is to determine whether
an oral reference dose (RfD) has been established for the contaminant. The IRIS database
and HEAST were utilized as information sources for the reference doses. If an oral RfD has
not been established, then the contaminant was placed on the suspect contaminants list. The
supplemental guidance defines the RfD as "an estimate (with uncertainty spanning perhaps an
order-or-magnitude) of a daily exposure to the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious effects during a
lifetime" (EPA Region X 1991).

4.2.4 "Hazard Quotient greater than 0.1?"

The final step in the qualitative toxicity assessment was to compute a hazard quotient
(HQ) for each of the remaining contaminants and to compare the HQ to a screening value.
Standard default exposure factors, as established in the supplemental guidance, were utilized
in the calculations. An ingestion route of exposure was assumed, therefore Equations 9 and
15 from the guidance were utilized for the calculations (EPA Region X 1991).

The supplemental guidance states that contaminants can be eliminated from further
consideration in a risk assessment if the HQ is less than or equal to a screening value of 0.1
(EPA Region X 1991). The screening value has been conservatively set at 0.1 to account for
the possibility of multiple pathways and multiple contaminants which might result in
cumulative effects. As shown in Figure 3, contaminants with a HQ less than or equal to 0.1
were placed on the suspect contaminants list.
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An HQ could not be computed for contaminants which do not have available sampling
data. These contaminants were conservatively assumed to be potential contaminants of
concern in this report. Subsequently obtained sampling data will require a re-evaluation at
the input step labelled "Compile Environmental Sample Records" in Figures 1 and 2.

4.3 RESULTS OF THE QUALITATIVE TOXICITY ASSESSMENT

The tables in Appendix AE of this report outline how each of the regulatory
contaminants of concern passed through the qualitative toxicity assessment decision logic.
Table 2 in Section 5.0 below, presents the composite results after both the regulatory analysis
and the toxicity assessment, i.e., the final list of potential contaminants of concern and
suspect contaminants.

As indicated in Appendix AE, the following regulatory contaminants of concern were
determined . to be of toxicological significance. That is, on Table 1 the contaminant is
identified as a 'C" (Regulatory Contaminant of Concern) but on Table 2 the contaminant is
identified as a "S, (Suspect Contaminant) as a result of the toxicity assessment.

Soils. Sludges, and Sediments (Sources)
aluminum
iron
sodium
chloride
sulfate
ethylenediamine tetraacetic acid (EDTA).

Groundwate
cobalt
sodium
chloride
hydrochloric acid
sulfate
EDTA.

N Ar
aluminum
sulfate
tetraethylpyrophosphate
tetrahydrofuran.
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5.0 RESULTS AND CONCLUSIONS FOR POTENTIAL
CONTAMINANTS OF CONCERN

The final list of potential contaminants of concern represents a composite of those that
are both of regulatory and of toxicological significance. The final listing is given in Table 2
below. This list is generated for the purpose of assembling possible remedial alternatives.
That is, the contaminants identified are those which are most likely to require remediation if
subsequent field sampling programs and risk assessments show their concentrations in the
environment to result in unacceptable risk and/or are not in compliance with ARARs. The
list provided here should not be.construed as representing any final determination or basis for
decision-making regarding selection of final remedies.
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Figure A-1. Decision Logic Diagram - Nonradiological, Chemical Substances
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Figure A-2. Decision Logic Diagram - Rai
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Table A-1. Regulatory Contaminants of Concern and Suspect Contaminants
(Page 1 of 3)

Environmental Medium

Potential Sources Groundwater N-Area
Contaminant (e.g., soils)

RADIONUCLDES

TrkkI C C C

Cubon-14 C C

CMckn-41 C C

Coba.t-8O C C C

Nickol-63 C C

Selsnm-79 C C

Krypton-86 C C

Sfrontim-90 C C C

Zkconkmw-3 C C

Niobkjm-94 C C

Techndth-99 C S C

P&lWadkm107 C C

Cadn*m-113 C C

Antknony-126 S C

IodIn.-129 C C C

Cesk-134 C C

Cesk-137 C S C

Smandm-161 C C

Europizn-162 C C

Eropium-lS4 C S

Rsdkn-226/228 C

Urwktm-236/238 C C

Pkltonuml-238 C C C

Plutonkm,-23/240 C C C

Pkftonm-241 C C

Amarckjnm-241 C C

METALS

Aluwinn C C

Ar.enic S C C

C - POTENTIAL CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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Table A-1. Regulatory Contaminants of Concern and Suspect Contaminants
(Page 2 of 3)

Environmental Medium

Potential Sources Groundwater N-Area
Contaminant (e.g., soils)

Btst. S C C

B..ykik S C C

Boan C S

Cdknm S C C

Chmnnum S C C

Cobak C

Capp. S S

kon C

Lad C C C

MAnwgan,& C C C

Mtcury S C

Nik"l S S S

SodkM C C

VCn1dIWIn C S C

Zon S S S

OTHER INORGANIC
COMPOUNDSIPONS

AmmwnruxW C

ANbU C C

Chkwddo C C

Chlodnle C

Cy0nide C C C

FModd" C C C

Hydinchlarde Acid C

Nkrfte C C C

Ntft C C

Phowhaic Acid C

Swlat. C C C

VOCS

Acatoe C S S

C = POTENTIAL CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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Table A-1. Regulatory Contaminants of Concern and Suspect Contaminants
(Page 3 of 3)

Environmental Medium

Potential Sources Groundwater N-Area
Contaminant (e.g., soils)

Seizen. C

Chkorbe nn C

ChiOcrfoin S C C

Ethylbenzne C

Methyk.n S C
Chbrodd

m Ah0 -00butyl C
Keton.

Petchlm- C C C

Tokuw S

Tran -1.2- C
DMhkoroeth n

1,,1-Tdchlomo- S S
.th-.

Tdchlowodtnn S C

Xylen" C

OTHER ORGANICS

Acet Acid C C

BS (2-.thylhWxylI C
phthdateW

Ethylenediait C C

EthylenedinM. C C
tatnt add
IEDTAI

Fonnic Acid C C

Hydrualn C C C

PCs@ C C C

Pesol..n C C
ProduIctaD jOen oi

Tetraethylpy- C
phosphat.

T.ftahedirftren C

Thltt. C C C

C POTENTIAL CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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Table A-2. Potential Contaminants of Concern and Suspect Contaminants
(Page 1 of 4)

Environmental Medium

Potential Sources Groundwater N Area
Contaminant (e.g., soils)

RADIONUCLIDES

Tritium C C C

Carbon-14 C C

Calcium-41 C C

Cobalt-60 C C C

Nickel-63 C C

Selenium-79 C C

Krypton-85 C C

Strontium-90 C C C

Zirconium-93 C C

Niobium-94 C C

Technetium-99 C S C

Palladium-107 C C

Cadmium-113 C C

Antimony-125 S C

Iodine-129 C C C

Cesium-134 C C

Cesium-137 C S C

Samarium-151 C C

Europium-152 C C

Europium-154 C S

Radium-226/228 C

Uranium-235/238 C C

Plutonium-238 C C C

Plutonium-239/240 C C C

Plutonium-241 C C

Americium-241 C C
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Table A-2. Potential Contaminants of
(Page 2

Concern and Suspect Contaminants
of 4)

Environmental Medium

Potential Sources Groundwater N Area
Contaminant (e.g., soils)

METALS

Aluminum S S

Arsenic S C C

Barium S C C

Beryllium S C C

Boron C S

Cadmium S C C

Chromium S C C

Cobalt S

Copper S S

Iron S

Lead C C C

Manganese C C C

Mercury S C

Nickel S S S

Sodium S S

Vanadium C S C

Zinc S S S

OTHER INORGANIC COMPOUNDS/IONS

Ammonium/Ammonia C S

Asbestos C C

Chloride S S

Chlorine C

Cyanide C C C

Fluoride C C C

Hydrochloric Acid S

Nitrate C C C
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Table A-2. Potential Contaminants of Concern and Suspect Contaminants
(Page 3 of 4)

Environmental Medium

Potential Sources Groundwater N Area
Contaminant (e.g., soils)

Nitrite C C

Phosphoric Acid C

Sulfate S S S

VOCs

Acetone C S S

Benzene C

Chlorobenzenc C

Chloroform S C C

Ethylbenzene C

Methylene Chloride S C

Methyl Isobutyl Ketone C

Perchloro-ethylene C C C

Toluene S

Trans -1,2-Dichloroethene C

1,1,1-Trichloro-ethane S S

Trichloroethene S C

Xylenes C

OTHER ORGANICS

Acetic Acid C C

Bis (2-ethylhexyi) phthalate C

Ethylenediamine C C

Ethylenediamine tetraacetic acid (EDTA) S S

Formic Acid C C

Hydrazine C C C
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Table A-2. Potential Contaminants of Concern and Suspect Contaminants
(Page 4 of 4)

Environmental Medium

Potential Sources Groundwater N Area
Contaminant (e.g., soils)

PCBs C C C

Petroleum Products/Diesel oil C C

Tetraethylpyro-phosphate S

Tetrahydrofuran S

Thiourea C C C

Note: Refer to Appendix A for detection limits, background concentrations, and contaminant
concentrations.
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APPENDIX AA
SUMMARY TABLES OF

REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS
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TABLE AA-1: SOURCE OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN

AND SUSPECT CONTAMINANTS

REFERENCES: 100-AREA DRAFT WORK PLANS;
DORIAN AND RICHARDS, 1978

11_ OPERABLE UNIT

CONTAMINANT BC-I BC-2 BC-3 BC-4 HR-I j HR-2 IKR-I KR-2 I KR-3 DR-1I DR-2 DR-3 FR-i FR-2

RADIONUCLIDES I I IiI I1I I I I I

Tritium C C C C C C C C C C C

Carbon-14 C C

Calcium-41 C

Cobalt-60 C C C C C C C C C C C C

Nickel-63 C C C C C C C C

SelonIum-79 C

Krypton-86 C

Strontium-90 C C C C C C C

Zircnium-93 C

Niobium-94 C

Technetium-99 C C C C C

Palladium-107 C

Cadmium-I 13 C

lodine-i 29 C

Cesium-134 C C

Cesium-137 C C C C C C C C C

Samarium-1i1 C

Europium-152 C C C C C C C C C C C

Europium-154 C C - C C C C C C C C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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TABLE AA-1: SOURCE OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

1_ IOPERABLE UNIT

CONTAMINANT BC-1 BC-2 BC-3 BC-4 HR-1 HR-2 KR-i KR-2 KR-3 DR-1 DR-2 DR-l FR-I FR2

RADIONUCLIDES

Uranium-235/238 C C C

Piutonium-238 C C

Plutoniun-239/240 C C C C C C

Plutonium-241 C

AmCricium-241 C C

METALS

Aluminum C

Arsenic S S

Barium S S

BDry~lium S

Boron C

Cadmium S S S S S S

Chromium S S S S S S S

Copper S S

Iron C

Lead C C C C C C C C C

Manganese C C

Mercury S S S S

Nickel S S S

Sodium C C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

eM

-L
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e
0owi
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TABLE AA-1:. SOURCE OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

1 11 _OPERABLE UNIT

CONTAMINANT BC-1 IBC-2 BC-3 IBC-4 [ HR-1 I HR-2 j KR-1 I KR-2 KR-3 DR-1 IDR-2 IDR-3IFR-1 fF32

Vanadium 7C ____________[___ c __ __ C L
OTHER INORGANIC
COMPOUNDS/IONS

Ammonium/Ammonia C C

Asbeso C

Chloride C

Cyanide C C

Fluoride C C C C C

Nitrate C C C C C C C

Nitrite C

Sulfate C CC

VOCs

Acetone C

Chloroform S

Mathylene S
Chloride

Parchloroethylene C

1,1,1-Trichloro- S
athe.

Trichioroethene s

C = REGUlATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

I,.-
-3
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TABLE AA-1: SOURCE OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

I UOPERABLE UNIT

CONTAMINANT Ic-iI BC-2 j BC-a BC-4 HR-i HR-2 KR- KR-2 KR-j DR-I DR-2 DR-a FR-il FR-2

OTHER ORGANICS[1I I.. .i I ___

Acetic Acid C

Ethylenediamine C

Ethylonediamine C
tetrancetic acid
(EDTA I

Formic Acid C

Hydrazine C

PCBs C C C

Petroleum C C
Pmducts/DieaI oilI

Thlouma !e C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

0

00

0
0
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TABLE AA-2: GROUNDWATER OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN

AND SUSPECT CONTAMINANTS

REFERENCES: 100-AREA DRAFT WORK PLANS;
DORIAN AND RICHARDS, 1978

CONTAMINANT OPERABLE UNIT

RADIONUCLIDES BC-5 HR-3 KR-4

Tritium C C C

Carbon-14 C C

Calcium-41 C

Cobalt-60 C C C

Nickel-63 C C C

Selenium-79 C

Krypton-85 C

Strontium-90 C C C

Zirconium-93 C

Niobium-94 C

Technetium-99 S S S

Palladium-107 C

Cadmium-113 C

Antimony-125 S

Iodine-129 C

Cesium-137 S S S

Samarium-151 C

Europium-152 C C C

Europium-154 S S S

Uranium-235/238 C

Uranium-238 C

Plutonium-238 C

Plutonium-239/240 C C

Plutonium-241 C

Americium-241 C C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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TABLE AA-2: GROUNDWATER OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

CONTAMINANT I OPERABLE UNIT

METALS BC-5 HR-a KR-4

Arsenic C

Barium C

Beryllium C

Boron S S S

Cadmium C C

Chromium C C C

Cobalt C

Copper S S

Lead C C C

Manganese C

Mercury C C C

Nickel S

Sodium C C

Vanadium S

Zinc S S

OTHER INORGANIC BC-S HR-3 KR-4
COMPOUNDS/IONS

Ammonium/Ammonia S

Asbestos C

Chloride C

Chlorine C C

Cyanide C

Fluoride C

Hydrochloric Acid C

Nitrate C C C

Nitrite C

0 = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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TABLE AA-2: GROUNDWATER OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

CONTAMINANT OPERABLE UNIT

Sulfate C C C

VOLATILE ORGANIC BC-S HR-3 KR-4
COMPOUNDS

Acetone S

Chloroform C

Percholethlyene C
(Tetrachioroethene,
Tertachloroethlyene)

1,1,1-Trichloroethane S

Trichloroothene C C

OTHER ORGANICS [ C-S HR-3 KR-4

Acetic Acid C

Ethylenediamine C

Ethylenediamine tetraocetic C
Acid

Formic Acid C

Hydrazine C

PCBs C C

Thiourea C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

A-51



DOE\RL-92-11
Draft B

TABLE AA-3: 100-N AREA: REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS

REFERENCES: 100-AREA DRAFT WORK PLANS;
DORIAN AND RICHARDS, 1978.

CONTAMINANT OPERABLE UNIT

RADIONUCLIDES NR-1 NR-2

Tritium C

Cobalt-60 C

Strontium-90 C

Tachnetium-99 C

Antimony-125 C

Iodine-1 29 C

Cesium-134 C

Cesium-137 C S

Radium-226/228 C

Plutonium-238 C

Plutonium-239/240 C

METALS NR-1 NR-2

Aluminum C

Arsenic C

Barium C

Beryllium C

Cadmium C

Chromium C

Lead C

Manganese C C

Nickel S

Vanadium C C

Zinc S

INORGANIC COMPOUNDSdIONS NR-1 NR-2

Cyanide C

Fluoride C

C = REGULATORY CONTAMINANT
S = SUSPECT CONTAMINANT

OF CONCERN 0
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TABLE AA-3: 100-N AREA: REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

CONTAMINANT OPERABLE UNIT

Nitrate C

Phosphoric Acid C

Sulfate C

VOLATILE ORGANIC COMPOUNDS NR-1 NR-2

Acetone S

Benzene C

Chlorobenzene C

Chloroform C C

Trans-1,2-dichloroethene C

Ethylbenzone C

Methyl isobutyl ketone C

Methylene Chloride C C

Perchloroethlyane (Tetrachloroethene, C
Tetrachloroethylene)

Toluene S S

Xylenes C

OTHER ORGANICS NR-l NR-2

Bis(2-ethylhexyl) phthalate C C

Hydrazine C

PCBs C

Petroleum Products, Diesel Oil, etc. C

Tetraothylpyrophosphate C

Tetrahydrofuran C

Thiourea C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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0
TABLE AA-4: CONTAMINANTS ELIMINATED FROM FURTHER CONSIDERATION

Radionuclides Volatile Organic Compounds
Chromium-51 Hexane
Manganese-54
Zinc-65
Ruthenium-103
Ruthenium-106
Iodine-131
Cerium-144
Europium-155

Metals Nonvolatile Organic Compounds
Calcium Choline Chloride
Lithium Citric Acid
Magnesium Citric Acid Solutions, Ammoniated
Molybdenum Cyclotetrasiloxane, octomethyl
Palladium Deoxylcholic Acid
Potassium Diethanolamine
Silicon Diethylthiourea
Strontium Mercaptoacetic Acid
Titanium Morpholine
Zirconium Oxalic Acid

Sodium Acetate
Sodium Citrate
Sodium EDTA
Sodium Formate
Sodium Oxalate
Trichloroacetic Acid
Urea

Inorganic Compounds Hydrogen Peroxide Sodium Aluminate
Ammonium Monohydrogen Hydrophosphorous Sodium Carbonate

Orthophosphate Acid Sodium Chloride
Ammonium Cerib Sulfate Lithium Fluoride Sodium Hydrosulfite
Ammonium Hydrogen Fluoride Monohydrogen Sodium Hydroxide
Ammonium Persulfate Orthoarsenate Sodium Hydrophosphite
Boric Acid Perchloric Acid Sodium Nitrate
Ferric Oxide Peroxide Sodium Sulfamate
Graphite Phosphomolybdic Acid Sodium Sulfate
Hydrobromic Acid Phosphorous Pentoxide Sodium Sulfite
Hydrolodic Acid Potassium Borate Sulfamic Acid

Potassium Chloride
Potassium Nitrate

0
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APPENDIX AB
REGULATORY CONTAMINANTS OF CONCERN

ENVIRONMENTAL SAMPLING DATA

A-55



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE"'
UNITS INVENTORY BACKGROUND

RANGEac' CONCEN-
(Cud.) SAMPLE SAMPLE DETECTION STATE FEDERAL TRATiON" RANGE

TYPE CONCENTRA- LIMIT 0' LIMIT" LIMIT" (pCijL)
TION RANGE'-" RANGE (pCI/LI (pCi/LU

(pCi/L) (pCi/LI

Tritium BC-i'', Tritium Wall, Seeps 500 -459,000 500 20.000 20,000" 200 1.3,
SC-2'". 10.206 - (Washingtor (Primary
BC-3'", 11,0001 State Drinking
BC-4'" Ground Water Limit)
BC-5'.. (BC-1. BC-2. Water

DR-I, DR-3 BC-3, BC-4. BC 5. Quality
FR-I. FR-2. DR-I, DR-3, FR-I, Standards)
HR-1, HR-3, FR-2, HR-i, HR-3.
KR-i. KR-2, KRA KR-2, KR-4,
KR-4, NR-i NR-I)

(DR-2 Operable
Unit contains an

inventory less
than one Curie)

Carbon-14 BC-4, BC-5, Carbon-14 Well NA"' NA NA 2800 NA 1,2
KR-2, KR-4 10.056 - 2201 (DOE Order

5400.5)
(BC-4, BC-5
KR-2, KR-4)

(DR-1, HR-I, KR-i
Operable Units

contain
inventories less
than one Curia)

Calcium-41 K-l., KR-4 Used In Operable NA NA NA NA 4000 NA 1.3,4
Unit KR-1, KR-4 (DOE Order

5400.5)

i-fl
C7%

t+
0

~tz0

See footnote key at end of table.
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TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

Ut
-4

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGEA-al CONCEN-
(Curie) SAMPLE SAMPLE DETECTION STATE FEDERAL TRATION"' RANGE

TYPE CONCENTRA- LiMIr' LIMIT" LIMITO (pCi/L)
TION RANGE'n RANGE (pCi/L) (pCi/L)

IpCi/L) (pCI/LI _____________ ____

Cobalt-60 BC-i. BC-2, Cobalt-60 Well, Seeps 22.6-554 22.5 NA 200 NA 1,2,3
BC-3, BC-4, [1-01128 - (DOE Order
8C-5, FR-i, 767.31 5400.5)
FR-2. DR-1.
DR-2, DR-3, (8C-1, 5C-2,
HR-1, HR-3, BC-3, BC-4, &C-5,
KR-I. KR-2. FR-1. FR-2, DR-1.

KR-4, DR-2. DR-3, HR-1,
NR-i" HR-3, KR-i, KR-2,

KR-4. NR-i

Nickel-63 BC-i, BC-2, Nickel-63 NA NA NA NA 12,000 NA 1.2
8C-4, BC-5, (16 -144.21 (DOE Order
DR-1, DR-3, 6400.6)
FR-2. HR-1. BC-I, BC-2,
HR-3, KR-I, BC-4, BC-5, DR-1.

KR-4 DR-3. FR-2, HR-1,
HR-3, KR-i, KR-4)

Selenium-79 HR-1, HR-3 Used in Operable NA NA NA NA Boo NA 1,3.4
Unit HR-1, HR-3 (DOE Order

Krypton-85 HR-i, HR-3 Used In Operable NA NA NA NA NA NA i,3,4
Unit HR-1. HR-3

0
0 .

I'-

See footnote key at end of table.
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TABLE AR-i: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

See footnote key at end of table.

0

U'
00

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCEO
UNITS INVENTORY BACKGROUND

RANGE&cmCI CONCEN-
(curie) SAMPLE SAMPLE DETECTION STATE FEDERAL TRATION'" RANGE

TYPE CONCENTRA- LIMIT' LIMIT" LIMIT" (pC/L}
TION RANGE"' RANGE (pCI/LI (pCf/L)

(pCi/L) (pCi/L

Strontium-90 BC-1, BC-2. Strontium-90 Well. Seeps 5- 5-8 8 - 236 102 1,2,3
BC-5, FR-I. 10.35884 - 22.11 23,400 (Washingtor (Primary
FR-2, HR-1, State Drinking
HR-2, HR-3. (BC-1, BC-2. Ground Water

KR-I. BC-5, FR-1, FR-2, Water Standard)
KR-2MNG. HR-i. HR-2. HR-3 Quality
KR-44". KR-i, KR-4) Standards)
NR-l "'

(BC-4, BC-5,
DR-1, DR-2

Operable Units
contain

inventories less
than one Curia)

Zirconium-93 HR-1. HR-3 Used in Operable NA NA NA NA 3600 NA 1,3,4
Unit HR-1. HR-3 (DOE Order

5400.5)

Niobium-94 HR-1. HR-3 Used in Operable NA NA NA NA 1200 NA 1,3,4
Unit HR-i, HR-3 (DOE Order

5400.5)

Palladium-107 HR-1, HR-3 Used In Operable NA NA NA NA 40,000 NA 1,3,4
Unit HR-1, HR-3 (DOE Order

5400.51

Cadmium-113 HR-1, HR-3 Used in Operable NA NA NA NA 32 NA 1.3,4
Unit HR-1, HR-3 (DOE Order

5400.51

odine- 129 KR-1, KR-4, Used in Operable NA NA NA NA 20 NA 1.3,4
NR-i Units KR-i. NR-I (DOE Order

5400.5)

0



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

See footnote key at end of table.

a'
V

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGE"kcw CONCEN-
(Curia) SAMPLE SAMPLE DETECTION STATE FEDERAL TRATION" RANGE

TYPE CONCENTRA- LIMIT"' LIMIT" LIMIT" (pCi/L)
TION RANGE-" RANGE (pCi/LI (pCi/L)

__________ __________ pCi/LI (p01/LI ________

Cesium-134 NA-1 Cesium-134 NA NA NA NA s0 NA 1.3.4
10.00001 - 141 (DOE Order

5400.5)
(NR-I)

(BC-1. DR-1,
DR-2, HR-1, KR-i

Operable Units
contain

inventories less
than one Curie)

Samarium-151 HR-I, HR-3 Used in Operable NA NA NA NA 16,000 NA 1,3,4
Unit HR-1, HR-3 (DOE Order

5400.51 -

Europium-152 BC-I Europium-162 Well 8.7 X 101 NA NA 800 NA 1,2.3
BC-2", 10-02285 - - 1.3 X 10' (DOE Order

BC-4, 729.571 5400.5)
BC-5",

DR-1, DR-3, (BC-i, BC-2,
FR-1", BC-4. DR-1. DR-3

FR-2. HR-1, FR-1, FR-2, HR-I.
HR-2. HR-3. HR-2, HR-3. KR-1.
KR-1, KR-2, KR-2, KR-41

KR-4
(DR-2 Operable
Unit contains
inventory loss

than one Curie) I

0

~0



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

See footnote key at end of table.

ON
0

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE'
UNITS INVENTORY BACKGROUND

RANGE"" " CONCEN-
(Cude) SAMPLE SAMPLE DETECTION STATE FEDERAL TRATION RANGE

TYPE CONCENTRA- LIMIr' LIMIT'" LIMIT" (pCI/L)
TION RANGE-" RANGE (pCI/LI (pCI/L)

(pC1L) (pCi/L)

Radium-226/228 NR-1 Used in Operable NA NA 0.2 5 4 0.2 1,3.4
Unit NR-I (Washingtor (DOE Order

State 5400.5)
Ground
Water
Quality

Standards)

Uranium-235/238 DR-1'. Uranium Wall 0.156 -414 NA NA 24 NA 1.3
HR-3 (Unspecified (DOE Order

10.04343 - 5400.5)
0.3219911

(BC-i. BC-2,
FR-1, KR-, HR-i

Operable Units
contain inventory
ranges lass than

one Curia)

Uranium-238 HR-3- Uranium-238 Well 3.1 x 10-1 0.5 NA 24 NA 1.3
10.024 - 66 (DOE Order
0.09051 5400.6)

(BC-, BC-5
Operable Units

contain inventory
ranges less than

one Curie)

0



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCEM
UNITS INVENTORY BACKGROUND

RANGEL-Sce CONCEN-
(Curio) SAMPLE SAMPLE DETECTION STATE FEDERAL TRATIONI RANGE

TYPE CONCENTRA- LIMIT"' LIMIT" LIMIT" (pCi/L)
TION RANGE" RANGE (pCi/L) (pCi/IL)

(pC!i/U (pCI/L1

Plutonium-238 BC-2", Plutonium-238 Well, Seeps 2.3 x 101 NA NA 1.6 NA 1,3
BC-5, NR-1 10.005 - -1.9 x 10' (DOE Order

420.1951 5400.5)

{BC-2, NR-1)

0BC-1. BC-5,
DR-1, HR-1. KR-1.

Operable Units
contain inventory
ranges less than

one Curie)

P utoniun-239/240 BC-i, BC-2, Plutonium- Well. Seeps 5.8x 10. NA NA 1.2 NA 1,3
BC-5, 239/240 - 110 (DOE Order

FR-1' [3.4 x 10 " - 20.61 5400.5)
KR-1, KR-4,

NR-1 (BC-1, BC-2.
BC-6, KR-1. KR-4.

NR-11

(BC-5, DR-1,
DR-2, FR-1, FR-2,
HR-1. KR-2, KR-4

Operable Units
contain Inventory
ranges less than

one Curiel

Plutonium-241 HR-1, HR-3 Used in Operable NA NA NA NA 80 NA 1,3.4
Unit HR-1, HR-3 (DOE Order

5400,5)

Amerlcium-241 HR-1. HR-3, Used in Operable NA NA NA NA 1.2 NA 1,3.4
KR-I, KR-4 Unit HR-i, HR-3, (DOE Order

KB-1 5400.5)

ON

U
0

See footnote key at end of table.
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TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA
FOOTNOTE KEY

A Only indicates inventory in greater than Curie quantities.

B Inventory range (in brackets) includes the minimum and maximum inventories for the
listed operable units (in parentheses). For a single operable unit, the inventories for each
waste unit within that operable unit were totaled to generate a single value.

C Inventories are not available for all the waste units.

D Radionuclide concentration has not been decayed to the present.

B Range includes the minimum and maximum concentrations in picoCuries per liter
(pCi/L) found in water samples for the listed operable unit(s). Evaluated groundwater
data collected between 1978 and 1986.

F Concentration based on both filtered and unfiltered samples.

U A single value indicates the minimum detection limit in picoCuries per liter (pCi/L) for
all the groundwater quality detection limit concentrations in pCi/L for all the
groundwater quality data reviewed.

H Most restrictive concentration in picoCuries per liter (pCi/L) which was obtained from
the Washington Ground Water Quality Standards.

Most restrictive concentration, in picoCuries per liter (pCi/L), which was obtained from
the federal water quality standards 40 CFR 141 or DOE Order 5400.5 (DOE, 1990).
Enforcement limits may exceed these values when the natural groundwater quality
exceeds the criteria or when other exceptions contained in WAC 173-200-050(3)(b) apply.

Background concentration in picoCuries per liter (pCi/L) from Pacific Northwest
Laboratory, 1989; and Evans et al., 1989.

K Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988a,b 4. Miller and Wahlen, 1987

L Present in concentrations above state and/or federal limits.

M Present in concentrations above Hanford site background concentrations.

N The average annual concentration assumed to produce a total body or organ dose of 4
mrem/year.

NA = Not Available

A-62
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TABLE AB-10: SOURCES - VOIATILE ORGANIC COMPOUNDS DATA

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY SOURCE[E1
UNITS'A RELEASESO' CRITERIA

(Kilogram
Quantities) SAMPLE SAMPLE DETECTION STATE

TYPE CONCENTRA- LIMIT LIMIT'0'
TIONCI (pg/kg) (pglkg)
RANGE
(pg/kg)

Acetone FR-1 Acetone (FR-1) NAF NA NA 8,000,000 1,2,3
(Model Toxics
Control Act -

Method B)

Benzene NR-i Benzene NA NA NA 34,482 1,2,3
Used in Operable (Model Toxics

Unit NR-1 - Control Act - -
Method B)

Chlorobenzene NR-1 Chlorobenzene NA NA NA 1,600,000 1,2,3
Used in Operable (Model Toxics

Unit NR-1 Control Act -
Method B)

Trans-1,2- NR-1 Trans-1,2- NA NA NA 1,600,000 1,2,3
dichloroethene dichloroethene (Model Toxics

Used in Operable Control Act -
Unit NR-1 Method B)

Ethylbenzene NR-1 Ethylbenzene NA NA NA 8,000,000 1,2,3
Used in Operable (Model Toxics

Unit NR-1 Control Act -
Method B)

Methyl Isobutyl NR-1 Methyl Isobutyl NA NA NA 4,000,000 1,2,3
Ketone Ketone Used in (Model Toxics

Operable Unit Control Act -
NR-1 Method B)

Perchloroethylene HR-1, Perchloroethene NA NA NA 19,607 1,2,3
NR-1 Used in Operable (Model Toxics

Units HR-1, NR-i Control Act -
Method B)

See footnote key at end of table.
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TABLE AB-10: SOURCES - VOLATILE ORGANIC COMPOUNDS DATA
FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern.

B Information in parentheses indicates the operable units(s) which reportedly received the
waste constituent. Also given are operable units in which the contaminant was used in
unknown quantites.

c Rahge includes the minimum and maximum concentrations in micrograms per kilogram
(pg/kg) for the listed operable units. Evaluated data were collected between 1978 and
1986.

D Concentration, in micrograms per kilogram (gg/kg), which was obtained in the Model
Toxics Control Act Cleanup Regulation using Method B.

EInformation source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988a,b 4. Miller and Wahlen, 1987

F NA = Not available
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TABLE AB-2: GROUNDWATER METALS DATA

See footnote key at end of table.

LA

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE
UNITS RELEASES"I BACKGROUND

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL CONCENTRATION
Quantities) TYPE CONCEN- LIMITr LIMITC LIMITW

TRATION&O (pg/L) tug/LI (pg/L)
RANGE

WIa/L)

Arsenic FR-1", Arsenic Well 5- 10 0.2 0.05 50 3.9 * 2.4 1
HR-1HR-3. {HR-1, HR-31 (Washington (Primary

NR-1 Used In Operable State Ground Drinking
units FR-1, NR-1 Water Water Limit)

Standard.)

Beryllium HR-1, HR-3 Beryllium NA' NA 0.3 80 NA 0.3 1
NR-1 INR-1} (Model Toxics

Control Act -
Beryllium Sulfate Method B)

(HR-1, HR-3}

Barium FR-1, HR-1. Barium (FR-1. Well 11-1010 6 800 2000 42 t 20 1
HR-3, NR-1, HR-1, HR-3. (Modal Toxics (Primary

NR-2 NR-1, NR-21 Control Act - Drinking
Barium Method B) Water Limit)

Perchiorate
(HR-1)

Cadmium BC-2. aC-4 Cadmium Well 2- 103 0.2 0.5 5 < 0.2 1.3
BC-5, DR-3 1BC-2, BC-4. (Model Toxic. (Primary
FR-1, FR-2 BC-S, DR-3, FR-1, Control Act - Drinking
HR-1. HR-2 FR-2, HR-1, HR-2, Method B, Water Limit)

HR-3 HR-3, NR-i, MCLG)
NR-1 ' NR-21

NR-2

0
0
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TABLE AB-2: GROUNDWATER METALS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE
UNITS RELEASES' BACKGROUND

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL CONCENTRATION
Quantities) TYPE CONCEN- LIMIT' LIMITO LIMIT" (pOWL

TRATIONr* (pg/L) (pg/IL) WgIL)
RANGE
(pg/L)

Chromium BC-1, BC-2 Chromium Well < 10 - 1690 2-10 s0 100 4.0 *2.0 1,3
BC-51A (BC-2, BC-5. (Washington (Primary
DR-1 -3  DR-1, FR-i, HA-1. State Ground Drinking

DR-2 HR-3, KR-4, Water Water Limit)
FR-1"' NA-1) Standards)
HA-1

HR-3,l Chromic Acid
KR-I (BC-1. BC-2)

KR-4 41  Used in BC-5,
NR-I DR-1, HR-i)

Sodium
Dichro mate

(BC-1. BC-2,
BC-5. DR-1,

DR-2, FR-I, HR-1.
KR-1)

Potassium
Dichromate was

used in HR-1

Cobalt HR-1. HR-3 Cobalt (HR-1. NA NA NA NA NA NA
HR-3)

Lead BC-2. BC-4 Lead 1BC-2, BC-4, Well . 26 0.5 22.4 50 < 0.6 1,3.4
BC-S. DR-3 BC-5, DR-3, FR-2. (Model Toxcs
FR-2, HR-i HR-i, HR-2, Control Act -
HR-2. KR-4 HR-3, KR-4, Method B)

HR-30A NR-1
NR-1

Lead Acetate
Battery Fluld

(NR-1)

Lead Cadmium
Poison Slugs
(BC-4, DR-3,
FR-2, HR-2)

See footnote key at end of table.

0\

00
em
-t -

I~)



TABLE AB-2: GROUNDWATER METALS DATA (CONTINUED)

See footnote key at end of table.

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE
UNITS RELEASES"e BACKGROUND

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL CONCENTRATION
Quantitles) TYPE CONCEN- LIMITas LIMIT" LIMITL

TRATION' (g/L) Wpg/L) (pg/IL)
RANGE
(pg/L)

Manganese FR-1, HR-1 Manganes. Well 6-4380 5 s0 NA 7.0 t 5.0 1,3,4
HR-3, NR-1 (HR-1, HR-3) (Washington

NR-2 State Ground
Used in FR-1, Water

NR-1. NR-2 Standards)

Mercury BC-2, BC-4 Mercury (BC-2, NA NA 0-1 2 2 < 0.1 1,3
BC-5, HR-I BC-4, BC-5, KR-4) (Washington (Primary
HR-3, KR-4 State Ground Drinking

Mercury Chloride Water Water Limit)
(HR-1. HR-3) Standards)

Mercuric Nitrate
used In HR-1

0~
-4 I
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TABLE AB-2: GROUNDWATER METALS DATA
FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern. Information
in parentheses indicates the operable units(s) which received the waste constituent in
greater than one kilogram quantities. Also given are operable unit(s) in which the
contaminant was used in unknown quantities.

B Range includes the minimum and maximum concentrations in micrograms per liter
(pg/L) for the listed operable units. Evaluated ground water data was collected between
1978 and 1986.

C Concentration based on filtered samples.

D Range includes the minimum and maximum detection limit concentrations in micrograms
per liter (pg/L) for all the groundwater quality data reviewed.

H Most restrictive concentration, in micrograms per liter (zg/L), which was obtained from
the Washington Ground Water Quality Standards or was obtained in the Model Toxics
Control Act Cleanup Regulation using Method B. Where the Washington Groundwater
Quality Standards are the most restrictive, enforcement limits may exceed these values
when the natural groundwater quality exceeds the criteria or when other exceptions
contained in WAC 173-200-050(3)(b) apply.

" Concentration, in micrograms per liter ( g/L), which was obtained from drinking water
regulation 40 CFR 141.

4 Background concentration for the Hanford site, in micrograms per liter (pg/L), from
Pacific Northwest Laboratory, 1989, and Evans et al., 1989.

H Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

Present in groundwater above state and federal standards.

Present in groundwater above Hanford site background concentrations.

K Not available.
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CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE'0

UNITS RELEASES' BACKGROUND
(Kilogram CONCENIRA-

Quantities) SAMPLE SAMPLE DETECTION STATE FEDERAL TIONP
TYPE CONCENTRA- LIMIT 0'' LIMIT" LIMIT Wpg/L)

TION RANGE"a (pg/L) (pg/LI (pg/L)
(pg/Ll

Asbestos BC-2, BC-5 Asbestos used NA"' NA NA NA 7M NA 1
in (BC-2, BC-5) (Primary

Drinking
Water Limit)

Chloride FR-1. HR-1. Aluminum NA NA 500 250,000 NA 10.300 1
HR-3, FR-2 Chloride (HR-1} (Washington 6,500

State Ground
Mercuric Water Quality
Chloride Standards)

(HR-1. HR-3)

Nickel Chloride
.HR-1, HR-3)

Potassium
Chloride IFR-21

Sodium Chloride
(HR-1. HR-3}

Chlorine (HR-1)
Used in BC-2

Perchloric Acid
(HR-1, HR-3)

Hydrochloric
Acid

(HR-1, HR-3)
Used in BC-2,

DR-1

Chlorine BC-2. Chlorine (HR-1. NA NA NA NA NA NA I
BC-B, HR-3)

HR-I. Used In BC-2

See footnote key at end of table.

TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA
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TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE"
UNITS RELEASES' BACKGROUND

(Kilogram CONCENTRA.
Quantities) SAMPLE SAMPLE DETECTION STATE FEDERAL TION"

TYPE CONCENTRA- LIMIT' LIMIT'" LIMIT (pg/L)
TION RANGE"' (pg/L (pg/LI (g/L)

Cyanide HR-I, HR-3 Cupric Cyanide NA NA 10 320 NA < 10 1
Used in HR-1 (Model Toxics

Control Act -
Cyanide (HR-i, Method A)

HR-3)

Potassium
Cyanide Used in

HR-I

Sodium Cyanide
Used in HR-1

Fluoride DR-1, FR-1, Fluoride Wall 1300-2950 500 2,000 4000 370 * 100 1
HR-1, (DR-1, FR-1, (Model Toxic& (Primary

HR-3'. HR-3) Control Act - Drinking
NR-1 Method B) Water Limit)

Floride Test (Secondary
Solution Drinking
(NR-1) Water Limit)

Ammonium
Fluoride
(HR-1)

Ammonium
Hydrogen

Fluoride (HR-1

Sodium Fluoride
(HR-1)

Hydrochloric HR-1, HR-3 Hydrochloric NA NA NA NA NA NA I
Acid Acid

(HR-1. HR-3

See footnote key at end of table.
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TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL - GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE"
UNITS RELEASES' BACKGROUND

(Kilogram CONCENTRA-
Quantitles) SAMPLE SAMPLE DETECTION STATE FEDERAL TIONA

TYPE CONCENTRA- LIMITW LIMIT' LIMIT (pgIL
TION RANGE"4 WgILI Ig/L) (pg/L)

(p/Ll

Nitrate BC-i, Aluminum Well 86- 500 10,000 10,000 NA I
SC-50. Nitrate (HR-1 1,020,000 (Washington (Primary

DR-1. FR-i, State Ground Drinking
HR-1, Nitric Acid Water Quality Water Limit)
HR-3, (HR-1I Standards)
KR-I,

KR.4, Nitrate
NR-1 (BC-1, DR-1.

FR-1, HR-3,
KR-1. NR-t)

Sodium Nitrate
(HR-1)

Nitrite HR-1, HR-3 Nitrite NA NA NA 1,000 (Model 1.000 NA I
(HR-1. HR-3} Toxic. lPtimary

Control Act - Drinking
Method B, Water Limit)

MCLG)

Phosphoric Acid FR-2, NR-I Phosphoric Acid NA NA NA NA NA NA I
(FR-2, NR-l)

See footnote key at end of table.
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TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE
UNITS RELEASESW BACKGROUND

(Kilogram CONCENTRA-
Quantities) SAMPLE SAMPLE DETECTION STATE FEDERAL TION0

TYPE CONCENTRA- UMI' LIMIT' LIMIT pIL)
TION RANGECI (ug/L) (pg/L) (Wg/L)

_______ QigILI _ _ _

Sulfate BC-1, BC-2 Sulfate Wall 14- 500 250,000 NA 34,300 1
BC-5, (FR-1, NR-1) 2,180,000 (Model Toxics 16,900
HR-1. Control Act -
HR-3, Aluminum Method B.
KR-1, Sulfate Secondary

KR-4, NR-1 (FR-1, HR-1) Drinking
Water Limit)

Ammonium
Sulfate (HR-11

Cypric Sulfate
(HR-1, KR-i)

Ferric Sulfate
Used in HR-1

Ammonium
Ceric Sulfate

(HR-1)

Nickel Sulfate
(HR-1)

Sodium Sulfate
(HR-1)

Sulfuric Acid
(BC-1, BC-2,

NR-1)
Used in FR-i,

KR-I

See footnote key at end of table.

-4
N)

0d

U
0
hil

0



DOE\RL-92-11
Draft B

TABLE AB-3: GROUNDWATER NONMETALLIC
IONS/COMPOUNDS DATA - FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern.
Information in parentheses indicates the operable units(s) which received waste
constituent in greater the one kilogram quantities. Also given are the operable units
where the contaminants were used in unknown quantities.

B Range includes the minimum and maximum concentrations in micrograms per liter
(Ag/L) for the listed operable units. Evaluated groundwater data was collected between
1978 and 1986.

C Concentration based on both filtered and unfiltered samples.

D Detection limit concentration in micrograms per liter (Ag/L) for all the groundwater data
reviewed, if available.

B Most restrictive concentration, in micrograms per liter (pg/L), which was obtained from
the Washington Ground Water Quality Standards or was obtained in the Model Toxics
Control Act Cleanup Regulation using Method B. Federal standards do not exist.
Where the Washington Groundwater Quality Standards are the most restrictive,
enforcement limits may exceed these values when the natural groundwater quality
exceeds the criteria or when other exceptions contained in WAC 173-200-050(3)(b) apply.

F Background concentration for the Hanford site, in micrograms per liter (gg/L), from
Pacific Northwestern Laboratory, 1989, and Evans et al., 1989.

U Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

H Not available.

Units are in MFL (million fibers per liter longer than micro molar).

Present in groundwater above state and federal limits.

Present in groundwater above Hanford site background concentrations.

A-73



TABLE AB-4: GROUNDWATER VOLATILE ORGANIC COMPOUNDS DATA

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA SOURCE'
UNITS RELEASES A)

(Kilogram Quantities)
SAMPLE SAMPLE DETECTION STATE FEDERAL

TYPE CONCENTRA- LIMIT LIMIT"ID LIMIT
( ) (pgL) (pg/) W/1-)

Benzene NR-1 Benzene NAF NA NA 3 (Model Toxics 5 1
Used in Operable Control Act - (Primary

Unit NR-1 Method B) Drinking
I Water Limit)

Chlorobenzene NR-1 Chlorobenzene NA NA NA 160 (Model NA 1
Used in Operable Toxics Control

Unit NR-i Act - Method B)

Chloroform HR-31G', NR-1 Used in HR-3, NR-1 Well 15-35 NA 7 (Washington 100 1
State Ground (Primary
Water Quality Drinking

Standards) Water Limit)

Trans-1,2- NR-1 trans-1,2- NA NA NA 100 (Model 100 1
dichloroethene dichloroethene Toxics Control (Primary

Used in Operable Act - Method B, Drinking
Unit NR-1 MCLG) Water Umit)

Ethylbenzene NR-1 Ethylbenzene NA NA NA 700 (Model 700 1
Used in Operable Toxics Control (Primary

Unit NH-1 Act - Method B, Drinking
MCLG) Water Limit)

Methylene FR-i' 61, NR-1 Methylene Chloride Well 34 NA 5 5 1
Chloride Used in FR-1, NR-1 (Washington (Primary

State Ground Drinking
Water Quality Water Limit)

Standards)

See footnote key at end of table.
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TABLE AB-4: GROUNDWATER VOLATILE ORGANIC COMPOUNDS DATA
(CONTINUED)

-JIn

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA SOURCE1I
UNITS RELEASESAI

(Kilogram Ouantities)
SAMPLE SAMPLE DETECTION STATE FEDERAL

TYPE CONCENTRA- LIMIT LIMIT"D) LIMIT
TION' 8 ' (ug/L) tg/L) (pg/L)
RANGE

____ pa/L)

Methyl Isobutyl NR-1 Methyl Isobutyl NA NA NA 800 NA 1
Ketone (MIBK) Ketone Used in (Model Toxics

Operable Unit NR-1 Control Act -
Method B)

Perchlorethlyene HR-3, NR-1 Tetrachloroethene Well 13 NA 0.8 5 1
(Tetrachloro- Used in Operable (Washington (Primary
ethene, Units HR-3, NR-1 State Ground Drinking
Tetrachloroethy- Water Quality Water Limit)
lene Standards)

richloroethene BC-1, BC-2, Trichloroethene Well 14-35 NA 3 5 1
BC-5, FR-1 ', (FR-1, HR-3) used in (Washington (Primary

HR-3 BC-1, BC-2, BC-5 State Ground Drinking
Water Quality Water Limit)

Standards)

Xylenes NR-1 Xylene NA NA NA 1,000 10,000 1
(Model Toxics (Primary
Control Act - Drinking

Method B, Water Limit)
MCGL)

e
tl0

td

See footnote key at end of table.
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TABLE AB4: GROUNDWATER VOLATILE ORGANIC COMPOUNDS
DATA FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern. Information
in parentheses indicates the operable units(s) which received contaminant in greater than
one kilogram quantities. Also given are operable units in which the contaminant was used
in unknown quantities.

B Range includes the minimum and maximum concentrations in micrograms per liter (gg/L)
for the listed operable units. Evaluated groundwater data was collected between 1978 and
1986.

C Concentration based on both filtered and unfiltered samples.

0 Most restrictive concentration, in micrograms per liter (pg/L), which was obtained from
the Washington Ground Water Quality Standards or was obtained in the Model Toxics
Control Act Cleanup Regulation using Method B. Where the Washington Groundwater
Quality Standards are the most restrictive, enforcement limits may exceed these values
when the natural groundwater quality exceeds the criteria or when other exceptions
contained in WAC 173-200-050(3)(b) apply.

Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

NA = Not available

G Present in concentrations above state or federal limits.
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TABLE AB-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS DATA

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA SOURCED
UNITS RELEASEAI

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL
Quantities) TYPE CONCEN- LIMIT LIMIT" LIMIT

TRATIONB) (pg/L) (pg/L) (pg/L

Acetic Acid HR-1, HR-3 Acetic Acid NAE NA NA NA NA 1
(HR-1, HR-3)

Bis(-2- NR-1, NR-2 Bis-(2-ethylhexyl) Well 15- 26 NA 6 NA 1
ethylhexyl) phthalate (Washington
phthalate Used in Operable State Water

Unit NR-1 Quality
Standards)

Ethylenediamine HR-1, HR-3 Ethylenediamine NA NA NA NA NA 1
(HR-1, HR-3)

Ethylenediamine HR-1, HR-3 EDTA NA NA NA NA NA 1
tetraacetic Acid (HR-1, HR-3)
(EDTA)
Formic Acid HR-1, HR-3 Formic acid used NA NA NA NA NA 1

in HR-1, HR-3

Hydrazine HR-1, HR-3, Hydrazine NA NA NA .03 NA 1
NA-1 (HR-1, HR-3) (Washington

Used in NR-1 State
Ground
Water
Quality

Standards)

See footnote key at end of table.
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TABLE AB-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA SOURCEID)
UNITS RELEASEA1

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL
Quantities) TYPE CONCEN- LIMIT LIMIT'n LIMIT

TRATION81  (pg/L) (pg/L) (pgAt)
(pg/L)

PCBs BC-2, BC-5, PCBs NA NA NA 0.01 0.5 1
Arochlor 1016 KR-4, NR-1 Used in Operable (Washington (Primary
Arochlor 1221 Units BC-2, BC-5 State Drinking

KR-4, NR-1 Ground Water
Water Limit)
Quality

Standards)

Tetraethyl NR-i Tetraethyl NA NA NA NA NA 1.
pyrophosphate pyrophosphate

Used in NR-1

Tetrahydrofuran NR-1, NR-2 Tetrahydrofuran Well 60 NA NA NA I
Used in NR-1,

NR-2

Thiourca HR-1, HR-3, Thiourea NA NA NA NA NA 1
NR-1 (HR-1, HR-I)

See footnote key at end of table.
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TABLE AB-5: GROUNDWATER NONVOLATILE ORGANIC
COMPOUNDS DATA - FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern. Information
in parentheses indicates the operable units(s) which received the contaminant in greater
than one kilogram quantities. Also given are operable units in which contaminant was
used in unknown quantities.

' Evaluated groundwater data was collected between 1978 and 1986; however, no data is
available for the associated contaminants, except bis (-2-ethylhexyl) phthalate.

c Most restrictive concentration, in micrograms per liter (pg/L), which was obtained from
the Washington Groundwater Quality Standards or was obtained in the Model Toxics
Control Act Cleanup Regulation using Method B. Where the Washington Groundwater
Quality Standards are the most restrictive, enforcement limits may exceed these values
when the natural groundwater quality exceeds the criteria or when other exceptions
contained in WAC 173-200-050(3)(b) apply.

D Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

B NA = Not Available.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCEN
UNITS INVENTORY BACKGROUND

RANGE'"-"' CONCENTRATION"'
(Cud.) SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIMIT"' (pCI/g)
TRATIONO (pCI/g)

RANGE
(pCI/g)

Tritium BC-1"o. Tritium Soils, 2.7 x 10' NA" 2200- 2400 1
BC-2-' EC-3 10.208 - 11.0001 Sludges -7.3 x 10'
BC-4, DR-I,
DR-3 FR-."', (BC-1. BC-2,
FR-2, HR-lw. BC-3, FC-4,
KR-1, KR-2, DR-i, DR-3,

NR-1 FR-1, FR-2,
HR-1, KR-I,
KR-2, NR-1)

(DR-2 operable
unit contains an
inventory less

than one Curia)

Carbon-14 BC-4, KR-2 Carbon-14 Soils 4.1 x 101 NA NA 1,3.4
10.056 - 2201 - 4.3 x 10

(BC-4. KR-21

(DR-1, HA-i,
KR-i operable
units contain

inventories less
than one Curio)

Calcium-41 KR-i Calcium-41 used NA NA NA NA 1.3,4
In operable unit

KR-1

Cobalt-60 BC-I"". Cobalt-60 SoNS, 3.5 x 102 NA 0.00457 - 0.03550 1.3.4
BC-21, 11.01128 - Sludges -1.3 x 10'

BC-3, BC-4. 767.31
DR-I U.

DR-2, DR-3, (BC-1, BC-2,
FR-1I', BC-3, BC-4,

FR-2, HR-1vm FR-1. FR-2,
KR-1" 5

, DR-1. DR-2.
KR-2, NR-i DR-3, HR-I,

KR-i. KR-2.
NR-1

See footnote key at end of table.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE0

UNITS INVENTORY BACKGROUND
RANGE"A"' CONCENTRATION"'

(Curlel SAMPLE SAMPLE DETECTION RANGE
TYPE CONCEN- LIMIT- 0' IpC/gl

TRATION" (pC,/g
RANGE
(Peilg)

Nickel-63 BC-1, BC-2, Nicke-63 Soils. 1.2 x 10' NA NA 1,3,4
BC-4, DR-1, 116- 144.21 Sludges -6.9 x 10'
DR-3. FR-2,
HR-1. KR-1 (BC-1. BC-2,

BC-4. DR-I,
DR-3, FR-2.
HR-1, KR-1I

Seenium-79 HR-I Selenium-79 NA NA NA NA 1.3.4
used In operable

unit HR-1

Krypton-85 HR-1 Krypton-8S used NA NA NA NA 1.3.4
in operable unit

HR-1

Strontium-90 BC-1, BC-2, Strontium-90 Soils, 2.2 x 10' NA 0.18 - 0.59 t 0.5 1.3,4
FR-1". (0.356884 - 22.11 Sludges -1.3 x 10'

FR-2. HR-i"1
HR-2, KR-V" (BC-I, BC-2,

FR-1, FR-2,
HR-i, HR-2,

KR-1

(BC-4. DR-1,
DR-2 operabo
units contain

Inventories less
than one Curia)

Zirconium-93 HR-1 Zrconiurn-93 NA NA NA NA 1,3,4
used in operable

unit HR-i

Niobium-94 HR-1 Niobium-94 used NA NA NA NA 1,3.4
In operable unit

HR-1

See footnote key at end of table.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED BOIL QUALITY DATA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGEu'Rm CONCENTRATIONs"
(Curie) SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIMITFA (pCIlg)
TRATIONE (pC,/g)

RANGE
(pcf/gl

Technetium-99 BC-1, BC-2, Technetium-99 NA NA NA NA 1.3,4
HR-1, KR-I, used in operable
FR-1. NR-i units BC-i.

BC-2, HR-1.
KR-1, FR-i,

NR-i

Palladium-107 HR-1 Palladium-107 NA NA NA NA 1,3.4
used in operable

unit HR-I

Cadmium-I13 HR-1 Cadmium-1i13 NA NA NA NA 1.3.4
used In operable

unit HR-i

Antimony-125 NR-1 Antimony-126 NA NA NA NA 1,3,4
used in operable

units NR-i

Iodine-129 KR-1, NFl-i lodine-1 29 used NA NA NA NA 1,3,4
in operable units

KR-i. NR-1

Cesium-134 OR-2", CesIum-134 SoIls, 1.8 x 102 NA 0.00429 - 0-6780 1,3,4
HR-1", NR-i [0.00001 - 141 Sludges - 1.2 x 103

(NR-1)

(BC-1, DR-1.
DR-2, HR-1,

KR-i operable
units contain

Inventords less
than one Cud)

See footnote key at end of table.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGE-*A-oI CONCENTRATION"
(Curie) SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIMITF-AI (pCIjg)
TRATIONO (pCI/g)

RANGE
fpCilg)

Ca.lum-137 BC-1, BC-2, Ceslum-137 Soils, 2.7 x 10- 0.5 -0.6 0.00140 - 2.9 t 1,3.4
BC-4", DR-i Ii -3501 Sludges -6.3 x 10 3.2
FR-1", FR-2
HR-1, HR-2 (BC-1. BC-2,
KR-1, NR-1 DR-1, FR-1,

NR-30' FR-2, HR-1,
HR-2, KR-1,

NR-I)

(BC-4, BC-5,
HR-3 operable
units contain

Inventories less
than one Curie)

Samarium-151 HR-1 Samarium-161 NA NA NA NA 1.3.4
used in operable

unit HR-1 .

Europium-152 BC-1', BC-2"'. Europlum-152 Soils, 1.0 X 10' NA NA 1.3,4
BC-4"', DR-1', 10.02265 - Sludges - 6.4 X 10-
DR-3, FR-1i", 729.571
FR-2, HR-10,
HR-2. KR-1"', (BC-1, BC-2.

KR-2 BC-4, DR-1,
DR-3, FR-1,
FR-2, HR-1,
HR-2, KR-1.

KR-2)

(DR-2 operable
unit contaln.

Inventory less
than one Curie)

See footnote key at end of table.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE*
UNITS INVENTORY BACKGROUND

RANGEOXAAD CONCENTRATION"
(Curia) SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIMwrA' (pClg)
TRATION 0  (pCllgl

RANGE
(poilgi

Europium-164 BC-1"-", Europium-154 Soils. 9.5 x 0- NA 0.00197 - 0.07820 1,3.4
BC-2-0, 10.00309 - Sludges - 2.9 x 10'
RC-4 -. , 213111
DR-1-".

DR-3, FR-., (BC-2. BC-3.
FR-2, HR-10", BC-4, DR-1,
HR-2. KR-i"-" DR-3, FR-i,

FR-2, HR-I.
HR-2, KR-1

(BC-1, DR-2
operable units

contain
inventories feIs
than one Curie)

Radium- NR-1 Radium used in NA NA NA NA 1.3.4
226/228 operable unit

NR-1

Uranium DR-i"-.. Uranium Soils, 4.2 x 10 0.5 - 0.6 0.74 0.15 1,3,4
(Unspecified) HR-1so. (Unspecified) Sludges - 1.4 x 10'

KR-1v-0 10.04343 -

0.3219911

BC-1, BC-2,
FR-i, KR-i.

HR-1 operable
units contain

inventory ranges
lse than one

Curie)

0
0

See footnote key at end of table.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGEARAS CONCENTRATION"
(Curie) SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIMirs (pril)
TRATiON" (pCilgI

RANGE
IpCl/g)

Plutonium-238 BC-2, DR-10'. Plutonium-238 Solis, 8.1 x 10' NA NA 1,3,4
NR-1 10.005 - Sludges - 1.6 x 101

420.195

(BC-2, NR-1)

(BC-1, DR-1,
HR-1, KR-I,

operable units
contain

inventory ranges
less then one

Curie)

Plutonium- BC-i, BC-2'-'. Plutonium- Solis, 3.2 x 103 NA 4.2 x 10 1,3,4
239/240 DR-1-.. 2391240 Sludges - 1.5 x 1W

FR-1"-, (3.4 x 1- -
HR-1-Q, 20.61

KR-i", NR-1
(BC-1, BC-2,
KR-1, NR-1)

(DR-1, DR-2,
FR-i, FR-2,
HR-i, KR-2,

KR-4 operable
units contain

Inventory ranges
less than one

Curie)

Plutonium-241 KR-1 Plutonium-241 NA NA NA NA 1,3,4
used in operable

unit HR-1

AmedcIum-241 HR-1, KR-i Americium-241 NA NA NA NA 1.3,4
used In operable
unt HR-, KR-1 I I I I P

See footnote key at end of table.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA
FOOTNOTE KEY

A Indicates inventory in greater than Curie quantities, unless otherwise specified.

" Inventory range (in brackets) includes the minimum and maximum inventories for the
listed operable units (in parentheses). For a single operable unit, the inventories for each
waste unit within that operable unit were totaled to generate a single value.

C Complete inventories are not available for all of the operable units.

D Radionuclide concentration has not been decayed to the present.

* Range includes the minimum and maximum concentrations in picoCuries per gram
(pCi/g) found in samples for the listed operable unit(s). Evaluated data was collected
between 1978 and 1986.

"Range includes the minimum and maximum detection limit concentrations in picoCuries
per gram (pCi/g) for all data reviewed.

U No state or federal limit is available.

H Range includes background concentrations in picoCuries per gram (pCi/g) from 100-Area
Work Plans.

Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

Present in soils/sediments/sludges above state and federal limits.

K Present in soils/sediments/sludges above Hanford Site background concentrations.

L NA = Not Available.
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TABLE AB-7: SOURCES - METALS DATA

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY PRELIMINARY SOURCEIF}
UNITS RELEASESA CRITERIA BACKGROUND

(Kilogram CONCENTRATIONE
Quantities) SAMPLE SAMPLE DETECTION STATE RANGE

TYPE CONCEN- LIMITIO LIMIT"" (pg/kg)
TRATION" (pg/kg) (pg/kg)

RANGE
(pg/kg)

Aluminum HR-1, HR-1, NR-1 NA NA NA 5,000 NA 1
NR-1 (Model Toxics

Control Act -
I _Method B)

Boron BC-4 Boron Splines NAIGI NA NA 7,200,000 NA 1
(BC-4) (Model Toxics

Control Act -
Method B)

Iron BC-2 Iron used in NA NA NA NA NA 1
BC-2

Lead BC-1(Hl, Lead (BC-3, Soil 94,000- 500 112,000 2,580 - 12,700 1,3
BC-2, BC-4, DR-3, 250,000 (Model Toxics
BC-3, FR-2, HR-1, Control Act -
BC-4, HR-2, NR-1) Method B)
DR-3, Used in BC-2
FR-1,
FR-2, Lead Acetate
HR-1, Battery Fluid
HR-2, (NR-1)
NR-1

Lead
Cadmium

Poison Slugs
(BC-4, DR-3,

I_ FR-2, HR-2)

Manganese HR-1, Used in NA NA NA 8,000,000 NA 1,3,4
DR-1, operable units (Model Toxics
NR-1 HR-1, DR-1, Control Act -

NR-1 Method B)

See footnote key at end of table.
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TABLE AB-7: SOURCES - METALS DATA (CONTINUED)

See footnote key at end of table.

1*

Go
00

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY PRELIMINARY SOURCE'F
UNITS RELEASES' CRITERIA BACKGROUND

(Kilogram CONCENTRATION("
Quantities) SAMPLE SAMPLE DETECTION STATE RANGE

TYPE CONCEN- LIMITC LIMITDI (pg/kg)
TRATION18' (pg/kg) (pg/kg)

RANGE
(pg/kg)

Sodium BC-1, Sodium NA NA NA NA NA
BC-2 Dichromate

used in BC-1,
BC-2

Fluoride
(BC-2)

Oxalate used
in BC-1

Sulfamate
used in BC-2

Vanadium DR-1, Used in NA NA NA 560,000 NA - 1,3,4
FR-1, operable units (Model Toxics
NR-1 DR-1, FR-1, Control Act -

NR-1 Method B)
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0



DOE\RL-92-11
Draft B

TABLE AB-7: SOURCES - METALS DATA
FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern. Information
in parentheses indicates the operable units(s) which received contaminant in greater than
one kilogram quantities. Also given are operable units where the contaminant was used
in unknown quantities.

B Range includes the minimum and maximum concentrations in micrograms per kilgram
(pg/kg) found in soil, sediment, or sludge samples for the listed operable units. Evaluated
data were collected between 1978 and 1986 and were obtained from DOE-RL, 1991a.

C Detection limit concentration in micrograms per kilogram (pg/kg) for all data reviewed,
if available.

DConcentration, in micrograms per kilogram (pg/kg), which was obtained in the Model
Toxics Control Act cleanup regulation using Method B. There are no federal limits.

E Background concentration range for the Hanford Site, in micrograms per kilogram
(pg/kg), from Chou, 1989, and WHC, 1991. Because of the limited data available, these
values have not been verified.

Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

4 NA = Not Available

H Present in concentrations within or above Hanford Site background concentrations.
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TABLE AB-8: SOURCES - NONMETALLIC IONS/COMPOUNDS DATA

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY CRITERIA SOURCE"
UNITS RELEASES"

(Kilogram Quantities) SAMPLE SAMPLE DETECTION STATE PRELIMINARY
TYPE CONCEN- LIMIV" LIMITr BACKGROUND

TRATION" (pg/kg) (pg/kg) CONCENTRATIONO
RANGE RANGE
fpg/kg) (pg/kg)

Ammonium/ FR-1, HR-1 Ammonium NA' NA NA NA Below Detection I
Ammonia (FR-1) Limit'" - 3000

Ammonia/Ammonium
Citrate/Ammonium Cric

Sultate/Ammonium
Fluoride/Ammonium
Hydrogen Fluoride)

Amrnmonium
Monmhydrogen

Orthophosphatel
Ammonium Persulfate

(HR-1)

Asbestos BC-2 Asbestos used in NA NA NA NA NA I
operable unit 3C-2

Chloride BC-2 Hydrochloric Acid used NA NA NA NA NA I
in BC-2

Cyanide HR-1. NR- Cupric Cyanide used in NA NA NA 1,600,000 NA I
HR-1 (Model

Toxics
Cyanide Control Act

(HR-I, NR-I) - Method B)

Potassium Cyanide used
in HR-1

Sodium Cyanide used in
HR-i

'C
0

1
-0

See footnote key at end of table.
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See footnote key at end of table.

TABLE AB-8: SOURCES - NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY CRITERIA SOURCE"
UNITS RELEASEr"

(Kilogram Quantities) SAMPLE SAMPLE DETECTION STATE PRELIMINARY
TYPE CONCEN- LIMITr LIMItI BACKGROUND

TRATION' (pg/kg) lpglkg) CONCENTRATION"
RANGE RANGE

t(pgkg) pgkg)

Fluoride BC-1, BC-2, Fluoride NA NA 1,000 NA Below Detection I
DR-1, FR-1, (DR-i, BC-2, Limit -S
HR-1, NR-1 FR-l)

Fluoride Test Solution
(N-1)

Ammonium Fluoride
(HR-1)

Ammonium Hydrogen
Fluoride (HR-1)

Sodium Fluoride
(HR-1)

Used in BC-1, BC-2

Nitrate BC-1, BC-2, Aluminum Nitrate (HR-1) NA NA 1,000 NA Below Detection I
BC-3, DR-1, Limit
FR-1, HR-I Nitric Acid
KR-b, NR-I {HR-1)

Used in BC-1, BC-2

Nitrate
JBC-1, BC-2, BC-3,

DR-1, FR-I. KR-1, NR-1

Sodium Nitrate (HR-1

Nitrite HR-1 Nitrite NA NA NA NA Below Detecion 1
(HR-1) Limit

Sulfate BC-1, BC-2, Sulfuric Acid NA NA NA NA NA I
KR-2 used In BC-1, BC-2,

KR-3

'C
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TABLE AB-8: SOURCES - NONMETALLIC IONS/COMPOUNDS
DATA

FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern, based on
potential releases and/or associated soil quality data. Information in parentheses indicates
the operable unit(s) which reportedly received the waste constituent.

B Range includes the minimum and maximum concentrations in micrograms per kilogram

(Ag/kg) found in soil, sediment, or sludge samples for the listed operable units. Evaluated
data were collected between 1978 and 1986.

c Range includes the minimum and maximum detection limit concentrations in micrograms
per kilogram (Ag/kg) for all data reviewed, if available.

Concentration, in micrograms per kilogram (gg/kg), which was obtained in the Model
Toxics Control Act Cleanup Regulation using Method B. Federal limits do not exist.

Background concentration for the Hanford site, in micrograms per kilogram (ag/kg), from
Pacific Northwestern Laboratory, 1989.

? Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

U NA = Not Available

H BDL = Below Detection Limit
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TABLE AB-9:

'0

SOURCES - NONVOLATILE ORGANIC COMPOUNDS DATA

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY SOURCE'
UNITS RELEASESIAI CRITERIA

(Kilogram
Quantities) SAMPLE SAMPLE DETECTION STATE

TYPE CONCEN- LIMITC LIMITIDI
TRATION" (pg/kg) (uglkg)

(pg/kg)

Acetic Acid HR-1 Acetic Acid NAFl NA NA NA 1
(HR-1)

Bis (2- NR-1 Bis (2-ethylhexyl) NA NA NA 71,400 1
ethylhexyl) phthalate (Model Toxics
phthalate Used in Operable Control Act -

Unit NR-1 Method B)

Ethylenediamine HR-1 Ethylenediamine NA NA NA NA 1
(HR-1)

Ethlenediamine HR-1 EDTA NA NA NA NA 1
Tetraacetic (HR-1)
Acid (EDTA) I

Formic Acid HR-1 Formic Acid NA NA NA NA 1
(HR-1)

Hydrazine HR-I, NR-1 Hydrazine NA NA NA NA 1
(HR-1, NR-1)

PCBs BC-1, BC-2, PCBs NA NA 0 130 1
Arochlor 1016 KR-1 Used in Operable (Model Toxics
Arochlor 1221 Units BC-1, BC-2, Control Act -

KR-1 Method B)

See footnote key at end of table.
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TABLE AB-9:

'C

SOURCES - NONVOLATILE ORGANIC COMPOUNDS DATA (CONTINUED)

See footnote key at end of table.

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY SOURCEI
UNITS RELEASESIA CRITERIA

(Kilogram
Quantities) SAMPLE SAMPLE DETECTION STATE

TYPE CONCEN- LIMIT'c' LIMIT1'0
TRATION 81 (pg/kg) (pg/kg)

(pg/kg)
Petroleum BC-1, KR-1, Diesel Oil NA NA NA NA 1
Products/Diesel NR-1 (NR-1)
Oil

Petroleum
Products

(BC-1, KR-4)

Tetraethyl- NR-1 Tetraethyl- NA NA NA NA 1
pyrophosphate pyrophosphate

Used in Operable
Unit NR-1

Tetrahydrofuran NR-1 Tetrahydrofuran NA NA NA NA 1
Used in Operable

Unit NR-1

Thiourea HR-1, NR-1 Thiourea NA NA NA NA 1
(HR-1)

Diethylthiourea
(NR-1)

0
0l
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TABLE AB-9: SOURCES - NONVOLATILE ORGANIC
COMPOUNDS DATA - FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern, based on
potential releases and/or associated soil quality data. Operable units in parentheses
are those which received the contaminant in greater than one kiolgram quantities. Also
given are operable units in which the contaminant was used in unknown quantities.

B Evaluated data were collected between 1978 and 1986; however, no data are available
for the associated contaminants.

c Detection limit concentrations in micrograms per kilogram (pg/kg) for all data reviewed,
if available.

D Concentration, in micrograms per kilogram (pg/kg), which was obtained in the Model
Toxics Control Act Cleanup Regulation using Method B.

E Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988a,b 4. Miller and Wahlen, 1987

r NA= Not Available
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APPENDIX AC
REGULATED CHEMICAL CONTAMINANTS
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TABLE AC-1: REGULATORY DETERMINATION

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUSTANCES DRINKING WASHINGTON

AND SUSTANCES CONTROL WATER RULES MODEL TOXIC
CONTAMINANTS LIABILITY ACT POLLUTION ACT (40 CFR WASHINGTON CONTROL ACT
RELEASED U THE (CERCLA) CONTINGENCY PLAN (TSCA) £3141.61 GROUNDWATER CLEANUP MOT

100-AREA (40 CFR £302.4) (40 CFR 1300.341111) 140 CFR 67611 AND 141.62) STANDARDS REGULATIONS REGULATED

1,.,1-Trdchloroethane X X X X

Acetic Acid X

Acetone X X

Aluminum X

Aluminum Chloride X

Aluminum Fluoride X

Aluminum Nitrate X

Aluminum Sulfate X

Ammonium X
Monohydrogen
Orthophosphat.

Ammonium Carle x
Sulfate

Ammonium Fluoride X

Ammonium Hydrogen X
Fluoride

Ammonium Persulfate x

Arsenic X x X X

Asbestos X x

Barium x x X X

Barium Perchlorate X

Benzne X X X x

Beryllium x x

Beryllium Sulfate X

'0
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENBIVE
ENVIRONMENTAL

RESPONSE, NATIONAL Oil TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUINTANCES DRINKING WASISIGTON

AND SUSSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMJNANTS LIABILITY ACT POLLUTION ACT 140 CFM WASHINGTON CONTROL ACT

RELEASED 0 THE (CERCLA) CONTINGENCY PLAN (TSCA) 14141.61 GROUNDWATER CLEANUP NOT
100-AREA (40 CFR 302.4) (40 CFR 1300.31[a[111 (40 CFA 6761) AND 141.62) STANDARDS REGULATIONS REGULATED

Bis (2-.thylhexyl X X X
phthastt

Boric Acid X

Boron X

Cadium X X X X

Calclum X

Chloride (including X X
chloride Ion from
rele.ses of Aluinurn
Chloride, Hydrochloric
Acid, Mercuric
Chloride, Nickel
Chlorid., Potassium
Chloride, and Sodium
Chloride)

Chlorine X

Chlorobenrgn. X X

Chloroform X X X

Choline Chlofd. X

Chromic Acid X

Chromium, Hexavalent X X X X
lincluding chromium
ion from rMeas of
Chrorit Acid,
Potassium Dichromate,
Sodium Chromate, and
Sodium Dlchromatel

Citric Acid X

Citric Acid Solutions, X
Ammioniated

00

0
0
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENRSVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUJSTANCES DRINKING WASHINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIAILITY ACT POLLUTION ACT 140 CFR WASHINGTON CONTROL ACT

RELEASED IN THE ICERCLA) CONTINGENCY PLAN ITSCA) 16141.01 GROUNDWATER CLEANUP NOT
100-AREA (40 CFR £302.4) (40 CFR 6300.3[.81l) 140 CFR 17411 AND 141.62) STANDARDS REGULATIONS REGULATED

Cobalt X

Copper X X X

Cupric Cyanide X

Cupric Oxide X

Cupric Sulfate X

Cyanide (IncludIng X X X
cyanide Ion from
releses of Cupric
Cyanide, Potslaum
Cyanide, and SodIum
Cyanidel

Cyclototrasiloxane, X
octomethyl

Deoxychollc Acid X

Diesel Oil X

Dietharnolmine X

Diethylthioure. X

Ethylbonzene X X X

EthylenedlamIne X

Ethylenedlamine X
tetrascatIc Acid
(EDTA)

Farric Oxide X

Forric Sulfate X

'C
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXiC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUISTANCES DRINING WASHMOTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIAWUITY ACT POLLUTION ACT 140 CFR WASHNGTON CONMOL ACT
RELEASED IN THE ICERCLA) CONTVUGENCY PLAN (TSCA) 11141.61 GROUNDWATER CLEANUP NOT

100-AREA 140 CFR 1302.4) 140 CFR I300.31m]11) 140 CFR 1761) AIN 141.42) STANDARDS REGULATIONS REGIULATEC

Fluoride (including X X X
fluorid. Ion from
release of Aluminum
Fluorid., Anvnonlum
Fluorido, Anmonium
Hydrogen Fluoride.
Lithium Fluoride, and
Sodium Fluoride)

Formic Acid X

Graphite X

Hexan. X

Kydrazin. X

Hydrobromic Acid x

Hydrochloric Acid X

Hydrogen Peroxide x

Hydrolodio Acid X

Hypophosphons Acid x

Iron (Including kon ion x x
from releass of Ferric
Oxide and Ferric
Suifate)

LEad X X X X

Lthium X

Lithium Fluoride X

Magnesium x

Manganese X X

MercaptoscatIc Acid x

e
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OL. TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINING WASHINGTON

AND SUSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT (40 CFR WASHINGTON CONTROL ACT
RELEASED IN THE (CERCLA) CONTINGENCY PLAN (TSCA) 1141.41 GROUNDWATER CLEAMJP NOT

100-AREA (40 CFR 1302.4) 140 CFR 1300.3(a1il) (40 CFR S701) AND 141.42) STANDARDS REGULATIONS REGULATED

Mercuric Chloride X

Mercuric Nitrate X

Mercury X X X X

Methyl Isobutyl Ketone X X
(MIBK) (4-methy-2-
pentanone)

Mathylene Chloride X X X

Molybdenum X

Morpholine K

Nickel K X tz____

Nickel Chloride X

Nickel Oxide X

Nickel Sulfate X

Nitrate (as Nitrogen) X X
(includIng itrata Ion
from releases of
Aluminum Nitrate,
Mercuric Nitrate,
Potassium Nitrate,
Sodium Nitrate, and
Nitric Acid)

Nitric Acid X

Nitrite (as Nitrogen) X
(Including nitrite Ion
from release$ of
Sodium Nitrite)

Oxalic Acid X

Palladium X

-L
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINKING WASHINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT (40 CFR WAShINGTON CONTROL ACT

RELEASED 1I THE - (CERCLA) CONTINGENCY PLAN (TSCA) 41141.61 GROUNDWATER CLEANUP NOT
100-AREA (40 CFR £302.4) (40 CFR 1300.31.)13) 140 CFR 6761) AND 141.621 STANDARDS REGULATIONS REGULATED

PNrchloric Acid X

Parchloroethylon. X x x X
(Tatrachlorothen.,
Tatrachloroethylanu)

Petroleum Products x

Phosphate X

Phosphomolybdic Acid X

Phosphoric Acid x

Phosphorus Pentoxide X

Polychiodnatod X X x X X
Bphenv1 IPCBsl

Potassium X

Potassium Borate x

Potassium Chloride x

Potassium Cyanida X

Potassium DIchromate X

Potassium Nitrate x

Silicon x

Sodium X

Sodium Acetate x

Sodium Aluminato x

Sodium Borate X

Sodium Carbonate K

Sodium Chiorid. X

CD
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSWVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUSTANCES DRINING WASHINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUtMON ACT 140 CFR WASHINGTON CONTROL ACT

RELEASED IN THE ICERCLA) CONTINGENCY PLAN WTSCA) 15141.61 GROUNDWATER CLEANUP NOT
100-AREA (40 CFR 1302.4) 140 CFR 6300.31al11) (40 CFR 8761) AND 141.421 STANDARDS AEGULATIONS REGULATED

Sodium Chromate X

Sodium Citrate X

Sodium Cyanide X

Sodium Dichromate X .

Sodium EDTA X

Sodium Fluoride X

Sodium Formats X

Sodium Hydrosultite X

Sodium Hydroxide X

Sodium Hypophomphite X

Sodium Monohydrogen X
Orthoarsenst.

Sodium Nitrate X

Sodium Nitrite X

Sodium Oxalat. X

Sodium Phosphate X

Sodium Sulfamate X

Sodium Sulfate X

Sodium Sulfite X

Strontium X

Sufamic Acid X

c:
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINKING WASHINGTON

AND SUISTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT (40 CIF WASHINOTON CONTROL ACT
RELEASED IN THE (CERCLA) CONTINGENCY PLAN ITSCA) 6141.61 GROUNDWATER CLEANUP NOT

100-AREA (40 CFR 4302.4) (40 CFR 1300.3[a)(1)) 140 CFR 6741) AND 141.62) STANDARDS REGULATIONS REGULATED

Sulfate (Including X
sulfate from rale.aes
of Aluminum Sulfate,
Ammonlum Carkc
Sulfa,. Ammonium
Persulfate, Cupric
Sulfate, Ferric Sulfate,
Nickel Sulfate, SodIum
Sulfate, and Sulfuric
Acid)

Sulfuric Acid X- - - - - --

Tetrasthyl X
pyrophosphate

Tetrahydrmfuran X

Thioura X _____ ____

Titanium X

Toluene X X

tran.-1,2- X
dichlormthena

Trichloroacetic Acid x

Trichloroethene, X X X X
Trichioroethylan ______ _____________ _____ ______ _____ ____

Urea X

Vana~dium X

Vanadium Pentoxide X

XylInes X X X

Zim X X X

Zirconium X

0
0
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APPENDIX AD
REGULATORY CONTAMINANTS OF CONCERN

DECISION LOGIC TABLES

A-105



TABLE AD-1: GROUNDWATER RADIONUCLIDES - DECISION LOGIC
(Also See Table AB-1)

EXCEED

HALF-UFE RECORDS EXCEED LOUTS REGULATORY
RADIONUCUDE X* >2 YEARS? = AVAILABLE? * BACKGROUND? = AVAILABLE? 4 - LIMIT?

Tritium Y y Y Y Y-4COCI

Carbon-14 Y Y-*4COCl

Calcium-41 Y N--COCI
Chronium-51 N--ID!

Manganese-54 N-DI
Cobalt-60 Y y Y Y Y-NCOCI

Nicke!-63 Y N--COCl

Zinc-65 N-.D!

Selanium-79 Y N-ICOC!

Krypton-8S Y N-+IC0CI

Strontium-90 Y Y Y Y Y-.ICOCI

Zirconium-93 Y N-ClC0CI

Niobium-94 y N-.COC!

Technotium-99 y Y y Y N-{SI

Ruthenium-103 N-DI

Ruthenium-108 N-_DI

Palladium-107 Y N-COC

Cadmium-113 Y N-.COC

Antimony-125 Y y Y Y N-SI

lodine-1 29 Y N-ACOCI

Iodine-131 N-IDI -

Cesium-134 Y N-qCOCI

Y = Yes
N = No
NS - Not Sure
D - Deleted as a contaminant
S = Suspect contaminant
COC - Regulatory Contaminant of Concern

C
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TABLE AD-1: GROUNDWATER RADIONUCLIDES - DECISION LOGIC (Continued)

EXCEED

HALF-LIFE RECORDS EXCEED LIMITS REGULATORY
RADIONUCLIDE = >2 YEARS? = AVAILABLE? x+ DACKGROUND? = AVAILABLE? LIMIT?

Ceaium-137 Y Y Y Y N-fIS

Cerium-144 N-IDI

Samarium-151 Y N-CCCI

Europium-152 Y Y Y Y Y--ICOCI

Europium-154 Y Y Y Y N-ISI

Europium-155 N--[DI

Radium-2"/I2  Y N-ICOCI

Uranium-"/1 Y Y Y Y Y-{COCI

Uranium-238 Y Y Y Y Y-ICOCI

Plutonium Y Y Y Y Y-(COCj
Plutonium -j/,0 Y Y Y Y Y-.(CCj

Americium-241 Y N-ICOCj

Plutonium-241 Y N-4COC

Y - Yes
N = No
NS - Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

>1-
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TABLE AD-2: GROUNDWATER METALS - DECISION LOGIC
(Also see Table AB-2)

EXCEED

RELEASED TO RECORDS EXCEED LIMTS REGULATORY
CONTAMINANT 4 ENVIRONMENT? 4 REGULATED? = AVAILABLE? 4 BACKGROUND? * AVAILABLE? * LPAT7

Aluminum Y N-.DI

Arsenic Y Y y Y Y Y-ICOCI

Barium Y Y Y Y Y Y-.4COCI

Beryllium y Y N-COCI

Boron y Y y Y Y N-+[S

Cadmium Y Y Y Y Y Y-$COCI

Calcium Y N-11

Chromium Y Y y Y Y Y-C0C)

Cobalt Y Y N-.ICOCI

Copper Y Y y Y Y N-ASI

Iron Y Y Y N+[SI

Lead y y y y Y Y+ACOCI

Lithium Y N+DI

Magnesium Y N-iD1

Manganese y y y y Y Y-ACOCI

Mercury Y Y N-ICOCi

Molybdenum Y N-D1

Nickel y y y Y Y N+[SJ

Y - Yes
N - No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

0

0

0
0

tz
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TABLE AD-2: GROUNDWATER METALS - DECISION LOGIC (Continued)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT =1 ENVIRONMENT? =1 REGULATED? * AVAILABLE? = BACKGROUND? * AVAILABLE? * LiMT?

Potassium Y N-ID]

Silicon Y N--IDII
Strontium Y N-1D0

Titanium Y N-[D]

Vanadium Y Y Y Y Y N-.{S

Zinc Y Y Y Y Y N-S

Zirconium Y N+ID!

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

0
'0

0
0
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TABLE AD-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS - DECISION LOGIC
(Also ee Table AB-3)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT = ENVIRONMENT? * REGULATED? * AVAILABLE? * BACKGROUND? 1 AVAAILE? * LMIT?

Ammonium/
Ammonia Y Y y y y NSI

Asbestos y Y N--jCOCI

Chloride y y N-[COCI

Chlorine y V N-COCJ

Cyanide y y N-.{COCi

Fluoride Y y y Y y Y-qCOCj

Hydrochloric Acid Y Y N-.ICOCI

Hydrogen Peroxide Y N-_D]

Hydrolodio Acid y N-IDI

Hypophos- Y N-DI
phourous Acid

Nitrate y y Y NS y Y-COCI

Nitrite Y Y N-ICOCI

Perchloric Acid Y N-DI

Phosphate Y N-IDI

Phosphoric Acid y Y N-.[COC!

Sulfate Y Y y y y Y-COCl

Sulfumic Acid y N-IDI

Y = Yes
N = No
NS - Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
CibRegulatory Contaminant of Concern 0

-L

0

0

0-



TABLE AD-4: GROUNDWATER VOLATILE ORGANIC COMPOUNDS - DECISION LOGIC
(Also see Table AB-4)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT 41, ENVIRONMENT? = REGULATED? =I AVAI.ABLE? = BACKGROUND? = AVAILABLE? * LwIT?

Acetone Y Y Y NS Y N-IS1

Benzene Y Y N-f COC

CNorobenzene Y Y N-HCOCI

Chloroform Y Y y y Y Y-COC

Ethylbenzene Y Y N-COC

Hexana Y NADI

Methyl isobutyl Y Y N--lCOCI
Ketone

Methylene chloride Y Y Y Y Y Y-'iCOCI

Parchoroethylene Y Y y y Y Y-q00I

Toluene Y Y Y NS Y N-SI

Trans-1,2- Y Y N-ICOCI
dichloroethene

Trichloroethene Y Y Y NS Y Y-COC

Xyleines Y Y N--fCOC

Y - Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
CCC = Regulatory Contaminant of Concern

4;-
I-.

0

U
0

*t1



TABLE AD-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS - DECISION LOGIC
(Also see Table AB-5)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT 4 ENVIRONMENT? =4 REGULATED? al AVAILABLE? * BACKGROUND? * AVAIABLE? 3 LIT?

4-MethyI-2-
Pentanone Y N-11D3

Acetic acid Y Y N-ICOC

Ammoniated citric Y NJDI
acid solutions

Sis-(2-.thyl hexyl) Y Y Y NS Y Y-ICO
phthalate

Citric acid Y N-IDI

Cyclotatrasiloxano, Y N-dD
octamethyl

Deoxycholic acid Y N-IDI

Diethanolamino Y N--qDl

Diethylthioure" Y N-D[DI

Ethylene diamine Y Y N-{COCj

Ethylene diamine Y Y N-ICOCI
tetraacetic acid

Formic acid Y Y N-[COC

Graphite Y N-D113

Hydrazine Y Y N-ICOC

Mercaptacatic acid Y N-111

Morpholine Y N-IDJ

Y = Yes
N - No
NS - Not Sure
0 = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

0

U
0



TABLE AD-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS - DECISION LOGIC
(Continued)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT = ENVIRONMENT? = REGULATED? 4 AVAILABLE? =1 BACKGROUND? = AVAILABLE? * UNIT?

Oxalic acid Y N--I_

PCBs Y Y N-.(COCI

Petroleum products/ Y Y Y NS N-ICOCI
diesel oil

Tetraethvl Y Y N-ICOCI
pyrophosphate

Tetrahydrofuran Y Y N--[COC

Thiourea Y Y N-ICOCI

Trichloroacetic acid Y N- t A-_D I

Urea Y NADI

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
CDC = Regulatory Contaminant of Concern

-a
-a
U)

Cj
0*



TABLE AD-6: SOURCES - RADIONUCLIDES - DECISION LOGIC
(Also see Table AB-6)

EXCEED

HALF-LFE RECORDS EXCEED LIMITS REGULATORY
RADIONUCLIDE =4 >2 YEARS? =: AVAILABLE? = BACKGROUNDl * AVAILABLE? * LIMIT7

Tritium y y Y Y Y-ACOCI

Carbon-14 Y y y y Y-[COCI

Calcium-41 Y N--ICOC

Chromium-51 N-ADI

Manganese-54 N--IDI

Cobalt-60 Y y y y Y-{COCI.

Nickel-63 Y Y y Y Y-.-COCj

Zinc-6S N-DI

Selenium-79 Y N-qCOC!

Krypton-85 Y N- ACOC
Strontium-90 Y y y y Y-ACOC!

Zirconium-93 Y NACOCI

Niobium-94 Y N-ACOCI

Technetium-99 Y N-.COCI

Ruthenium-103 N-DI

Ruthenium-106 NADI

Palladium-107 Y N-ACOCt

Cadmium-113 Y N-NCOCI

Antimony-125 Y NACOC

lodine-129 Y N-ACOC

Iodine-131 N-DI

Cesium-134 Y Y y y Y-.(COC!

Y = yas
N = No
NS = Not Sure
D = Deleted as a contaminant
S - Suspect contaminant
CoRagulatory Contaminant of Concern

-a
-a

00
owi
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TABLE AD-6: SOURCES - RADIONUCLIDES - DECISION LOGIC (Continued)

EXCEED
HALF-LIFE RECORDS EXCEED UMITS REGULATORY

RADIONUCLIDE * >2 YEARS? * AVAILABLE? * BACKGROUND? 4 AVAILABLE? 4 LIMIT?

Cesium-1 37 Y Y Y Y Y--lCOC1

Cerium-144 N-ID

Samarium-11 Y N-.ICOCI

Europlum-i 52 Y Y Y Y Y-ICOCI

Europium-1 54 Y Y Y Y Y--ICOCI

Europium-1 55 N-IDI

Radium-'"/I2  Y N--iCOCI

Uraniumn4/. Y Y Y Y Y-ACOCI

Plutonium-238 Y Y Y Y Y-.COCI

Uranium-238 Y Y Y Y Y--COCJ

Plutoniurn-Im/ Y Y Y Y Y-4COCI

Americium-241 Y N-qCOCI

Plutoniumn241 Y N-{COCl

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

-1

t0
0

-k \



TABLE AD-7: SOURCES - METALS -DECISION LOGIC
(Also see Table AB-7)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT 4, ENVIRONMENT? = REGULATED? * AVAILABLE? =- BACKGROUND? 4 AVAILABLE? =* LMIT?

Aluminum Y Y N-.fCOCI

Arsenic Y Y YY Y N-f1S

Barium Y Y Y Y Y N--4S

Beryllium y Y Y N-IS!

Boron Y Y N-fCOC!

Cadmium Y Y Y Y Y N-ISI

Calcium Y N-IDI

Chromium Y Y Y Y Y N--4SI

Copper Y Y Y Y Y N-ISI

Iron Y Y N-COC

Lead Y Y Y Y Y Y-{COCI

Lithium Y N-!DJ

Magnesium Y N-.IDl

Manganese Y Y N-fC0C!

Mercury Y Y Y Y Y N--SI

Molybdenum Y N-IDI

Nickel Y Y Y Y Y N-ISI

Palladium Y N-fIDi

Potassium Y N-DI

Y = Yes
N - No
NS - Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

ON

0
0

0
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TABLE AD-7: SOURCES - METALS - DECISION LOGIC (Continued)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT = ENVIRONMENT? = REGULATED? * AVAILABLE? 4 BACKGROUND? =4 AVAILABLE? * LnIT?

Silicon Y N-IDI

Sodium Y Y N-(COCI

Titanium Y N-IDI

Vanadium Y Y N--ICOCI I

mnc Y Y Y y V N-SI

Zirconium Y N-(DI I

0
0

'N)

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

-a
-.4



TABLE AD-8: SOURCES - NONMETALLIC IONS/COMPOUNDS - DECISION LOGIC
(Also mIo Table AB-8)

EXCEED

RELEASED TO RECORDS EXCEED IUMITS REGULATORY
CONTAMINANT = ENVIRONMENT? =1 REGULATED? AVAILABLE? = BACKGROUND? 2* AVAILABLE? * LIT?

Ammonium/ Y Y N-{COCI
Ammonia

Asbestos Y Y N--ICOCI

Chloride Y Y N-4COCI

Cyanide Y Y N--ICOCJ

Fluoride y Y N-COCI
Nitrate Y Y N-.COCI

Nitrite y Y N-NCOCI

Sulfate Y Y N-ICOCI

Y = Yes
N - No
NS - Not Sure
D - Deleted as a contaminant
S - Suspect contaminant
C Regulatory Contaminant of Concern

'-a
-L

Co

0
0
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TABLE AD-9: SOURCES - NONVOLATILE ORGANIC COMPOUNDS - DECISION LOGIC
(Also see Table AB-9)

EXCEED
RELEASED TO RECORDS EXCEED LIMITS REGULATORY

CONTAMINANT =1 ENVIRONMENT? =4 REGULATED? * AVAILABLE? = BACKGROUND? 4 AVAILABLE? * LNfT?

Acetic sold Y Y N-ICOCI

Ammoniated citric Y N-ID
acid solutions

Bis-(2-athylhaxvl) Y Y N--ICOCI
phthalate

Citric acid Y N-.iDI

Cyclotetrasil, Oxane, Y N-IDI
Octomethyl

Deoxycholic acid Y N-IDI

Diethanolamine Y N-IDI

Diethylthiourea Y N-IDI

Ethylenediamine Y Y N-{COCI

Ethylenediamine Y Y N-ICOCI
Tetraacetic acid

Formic acid Y Y N--ICOC

Graphite Y N-ND

Hydrazine Y Y N-.qCOCI

Mercaptoacetic acid Y N---ID

Morpholine Y N-IDI

Oxalic acid Y N-ND!

Y = Yes
N = No
NS - Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

-a
'0

e:
0



TABLE AD-9: SOURCES - NONVOLATILE ORGANIC COMPOUNDS - DECISION LOGIC (Continued)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT *0 ENVIRONMENT? * REGULATED? * AVALABLE? 41 BACKGROUND? = AVAILABLE? 4 LMIT?

PCBs Y Y N-{COCI
Arochlor 1016
Arochlor 1221

Petroleum Y Y N-ICOCI
products/Diesel oil

Sodium EDTA Y N-IDJ

Tatrasthyl Y Y N-ICOCI
pyrophosphate

Tetrahydrofuran Y Y N-ICOCj

Thiourea Y Y N-ICOCI

Trichloroacetic acid Y N-ID1

Urea Y NADI

Y = Yes
N - No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

I'3
0

It1
0-

'40



TABLE AD-10: SOURCES - VOLATILE ORGANIC COMPOUNDS - DECISION LOGIC
(Also see Table AB-10)

EXCEED

RELEASED TO RECORDS EXCEED UMITS REGULATORY
CONTAMINANT * ENVIRONMENT? = REGULATED? * AVAIABLE? * BACKGROUND? * AVALABLE? * LIM7

1,1,1- Y y Y NS Y N-ISI
Trichloroethane

Acetone Y Y N--ICOCI

Benzene y Y N--{COCI

Chlorobanzene Y Y NHCOCI

Cloroforn y y Y NIS] Y N-ISI

EthVbenzene y Y N-[COC!

Hexane Y N-IDI

Methyl IsobutyI Y Y N--jCOCI
Ketone

Methylene chloride Y Y Y NS Y N-ISI

PorcNorethene Y Y N--fCOC

Trans-1,2- y Y N--ICOCI
dichloroethane

TricNorosthene Y y Y NS Y N-ISI

Y = Yes
N = No
NS = Not Sure
D - Deleted as a contaminant
S = Suspect contaminent
COC = Regulatory Contaminant of Concern

I-.

0
0

t
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APPENDIX AE
QUALITATIVE TOXICITY ASSESSMENT

DECISION LOGIC TABLES

A-122



TABLE AE-1: SOURCE CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE

DECISION LOGIC

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

RADIONUCLIDES

Tftium Y Y

Carbon-14 Y Y

Calclum-41 Y Y

Cobalt-60 Y Y

Nickl-63 Y Y

Solenkum-79 Y Y

Krypton-85 Y Y

Stontium-SO Y Y

Zirconum-93 Y Y

Nlobium-94 Y Y

Tachnatium-99 Y Y

Palladlum-107 Y Y

Cadmium-113 Y Y

lodina-129 Y Y

Celum-134 Y Y

Couiun-137 Y Y

Samraium-151 Y Y

Europium-152 Y Y

EuropIum-154 Y Y

Uranlum-235/238 Y Y

-L

0
t



TABLE AE-1: SOURCE CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

Plutonium-238 Y Y

Plutonium-239/240 Y Y

Plutonlum-241 Y Y

Americlum-241 Y Y

METALS

Aluminum N Y N

Boron N N Y no dat. Y

Ion N Y N

Load Y Y

Mangano" N N Y no do. Y

Sodium N Y N

Vanadium N N Y no data Y

4?m

e
0

I-.



TABLE AE-1: SOURCE CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

OTHER INORGANIC
COMPOUNDS/IONS

Ammonluni N N Y no data Y
Ammonia

Asbestos Y y

Chloride N N N N

Cyanide N N Y no data Y

Fluoride N N Y no data Y

Nitrate N N Y nodata Y

Nitrite N N Y no data Y

Sulfate N N N N

VOCS

Acetone N N Y no data V

Parchloro- Y y
ethylene

OTHER ORGANICS

Acetic Acid N N Y no data Y

EthylanadiamIne N N Y no data Y

Ethylenedlrmne N N N N
tatraecatic acid
IEDTA)

Formic Acid N N Y no data Y

Hydrazine Y y

PCB. Y y

0
0

W'



TABLE AE-1: SOURCE CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

Petroleum Y a Y
Products/DIesel oil

Thiourea N NY no data Y

HEAST = Health Effects Assessments Sumnary Tables (EPA 19911
IRIS = integrated Risk Infomatlon System (EPA on-ln. databas")
Y Ye.
N - No

a Assumed to contain bnzen

01

-a
13

0
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TABLE AE-2: GROUNDWATER CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE

DECISION LOGIC

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

RADIONU CLDES

Tritlum Y Y

Carbon-14 Y V

Cakclum-41 Y V

Cobat-0 Y V

Nickel-63 Y V

Selsnk m79 Y

Krypton-86 Y V

Strontium-90 Y y

Zirconlum-93 Y Y

Niobium-4 Y V

Palladium-107 Y y

Cadmlum-13 Y V

lodin.-129 Y y

Samadum-161 Y V

Europium-152 Y y

Uranlum-236/238 Y y

Plutonium-238 Y y

Plutonlum-2391240 Y y

Plutonlum-241 Y y

Americlum-241 Y

METALS

-a

-4

0
0
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TABLE AE-2: GROUNDWATER CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

Arsenio Y Y

Badumn N N Y Y Y

beryllium Y Y

Cadmiumn N N Y Y Y

Chromium Y V

Cobalt N N N N

Load Y V

Mangane.. N N Y Y Y

Morcury N N Y no date Y

Sodium N Y N

OTHER INORGANIC
COMPOUNDS/IONS

Asbestos Y V

Chloride N N N N

Chiodna N N Y no data Y

Cyanid. N N Y no data Y

Fluoride N N Y Y Y

Hydrochloric Acid N N N N

Nitrate N N Y Y a

Nitrite N N Y no data Y

Suiltate N N N N

VoCs

00
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e0
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TABLE AE-2: GROUNDWATER CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

0

-a
N
'0

HEAST = Hol-th Effects Assesnments Summary Tables (EPA 19911
IRIS = Integrated Risk Information System (EPA on-Mn. databas)
Y = yes
N - No

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?
Chloronon Y

Parchloro- Y Y
othylano

Trchloroathene Y

OTHER ORGANICS

Acetic Acid N N Y no data Y

Ethyienedlamine N N Y no date Y

Ethylenediamine N N N N
tatrnacetic sold
IEDTA)

Formic Acid N N Y no data Y

Hydrazins Y V

Cil Y V

Thiourea N N Y nodata Y

e
0

NZ\
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TABLE AE-3: N-AREA CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE

DECISION LOGIC

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

RADIONUCLIDES

Tritium Y Y

Cobast-6D Y Y

Strontim-90 Y

Techntlum-f99 Y Y

Antimony-125 Y Y

lodin-129 Y Y

C.sium-134 Y Y

C4lum-137 Y Y

Radium-2261228 Y Y

Pmutonlum-238 Y Y

flutonium-2391240 Y V

METALS

Aluminwm N Y N

Armnic Y Y

bdum N N Y Y Y

Berylim Y V

CodmIum N N Y Y Y

Chmmlum Y Y

LOd Y Y

,A
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TABLE AE-3: N-AREA CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

Manganese N N Y Y Y

Vanadium N N Y no date Y

OTHER INORGANIC
COMPOUNDS/IONS

Cyanid* N N Y no dae Y

Fluoride N N Y Y y

Nitrate N N Y Y Y

Photphodic Acid Y y

S u lta t o N N N N

VOCS

Benwone Y y

Chlorobonzen N N Y no data Y

ChIlorofon Y y

Ethybanene N N Y no data Y

Methylen. Y y
Chiodda

Mothyl Iobutyl N N Y no data Y
Ketone

Parchloro- Y V
othylene

Trans-1,2- N N Y no date
DichlorotheneI

(4
i-k
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TABLE AE-3: N-AREA CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

Xylens N N Y no dat Y

OTHER ORGANICS

Big (2-ethylhwxyl) Y
phthalst.

Hydrnlmn Y V

Pya. V Y

Petroleum Products, Y aV
Disel OH, etc.

Tetreathylpyro- N N N N
phosphate

Tatrahydrofuran N N N N

Thiouree N N ' no data Y

HEAST = Health Effects Assessment. Summary Tables (EPa 1991)
IRIS = Integrated Risk Information System (EPA on-n. databas"I
Y - Yes
N = No

a Assumed to contain benzene

-a
U)
tJ
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APPENDIX B

POTENTIAL APPLICABLE OR RELEVANT

AND APPROPRIATE REQUIREMENTS
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Alternatives
A/ Potentially

Descrption Citation R&A* Requirements Remarks Affected

Atomic Energy Act of 1954, as 42 U.S.C. 2011 Authorizes DOE to set standards and
ameded at seq. restrictions governing facilities used for

research, development, and utilization of
atomic energy.

Radiation Protection 40 CFR Part 191 Establishes standards for management and
Standards disposal of high-level and transuranic

waste and spent nuclear fuel.

Standards for 40 CFR §191.03 A Requires that management and storage of Applicable to wastes disposed of after SW-4, SW-5,
Management and spent nuclear fuel or high-level or November 18, 1985. SW-6, SW-9,
Storage transuranic (FRU) radioactive wastes at SW-10, GW-5,

all facilities for the disposal of such fuml GW-6, sS-4,
CLor waste that are operated by the DOE SS-5, SS-6,

and that are not regulated by the SS-10, SS-11
Comnission or Agreement States shall be
conducted in such a manner as to provide

H reasonable assurance that the combined M
annual dose equivalent to any member of
the public in the general environment a i
resulting from discharges of radioactive T
material and direct radiation from such -.

management and storage shall not exceed
25 millirems to the whole body and 75
millirems to any critical organ.

Nuclear Regulatory 10 CFR Part 20
Commission Standards for
Protection Against
Radiation

Radiation Dose 10 CFR R&A Sets specific radiation doses, levels, and May be relevant and appropriate, as All
Standards §§20.101- concentrations for restricted and radioactive materials in the 100 Area

20.105 unrestricted areas. can contribute radiation doses, levels,
and concentrations which could exceed
the limits; however, Hanford is not an
NRC-licensed facility.



Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Clean Air Act, as amended 42 U.S.C. 7401 A comprehensive environmental law
et seq. designed to regulate any activities that

affect air quality, providing the national
framework for controlling air pollution.

National Primary and 40 CFR Part 50 Sets National Ambient Air Quality
Secondary Ambient Air Standards for ambient pollutants which are
Quality Standards regulated within a region.

Standards for Sulfur 40 CFR 150.4 A The prirnay ambient air quality standard Applicable if rernediation includes SW-9, SW-10, SS-10,
Oxides (Sulfur for sulfur oxides measured as sulfur incineration of waste. SS-11
Dioxide) dioxide is 80 micrograms per cubic meter

(0.03 ppm), annual arithmetic mean; 365
micrograms per cubic meter (0.14 ppm)
maximum 24-hour concentration not to be
exceeded more than once per year. Z

Air Standards for 40 CFR §50.6 A Prohibits avenge concentrations of A potential for particulate emissions SW-4, SW-5, SW-6,
Particulates particulate emissions in excess of 50 exists during material handling or SW-9, SW-10,

micrograms/n' annually or 150 treatment, including incineration. w-5, GW-6, SS-4,
microgrms/m'per 24-hour period. SS-5, Ss-, SS-10, -

SS-11

Air Standards for 40 CFR §50.8 A The national primary ambient air quality Applicable if remediation includes SW-9, SW-10, SS-10,-
Carbon Monoxide standards for carbon monoxide ae: incineration of waste. SS-11

(1) 9 parts per million (10 milligrams per
cubic meter) for an 8-hour average
concentration not to be exceeded more
than once per year and
(2) 35 parts per million (40 milligrams
per cubic meter) for a I-hour average 0
concentration not to be exceeded more
than once per year. N

Standards for 40 CFR §50.11 A The level of the national primary and Applicable if remediation includes SW-9, SW-10, SS-10,
Nitrogen Dioxide secondary ambient air quality standard for incineration. SS-11

nitrogen dioxide is 0.053 pats per million
(100 micrograms per cubic meter), annual
arithmetic mean concentration.



Alternatives
Al Potentially

Description Citation R&A Requirements Remarks Affected

Air Standards for 40 CFR 450.12 A The national primary and secondary Applicable if particulates suspended SW-4, SW-5, SW-6,
Lead ambient air quality standard for lead and during remedial activities are SW-9, SW-10, C'

its compounds measured as elemental lead contaminated with lead, or if GW-5, GW-6, SS-4,
are 1.5 micrograms per cubic meter, remediation includes incineration. SS-5, SS-6, SS-10,
maximum arithmetic mean averaged over 55-11
a calendar quarter.

Standards for New 40 CFR Part 60
Stationary Souces

Incinerator Particulate 40 CFR §60.52 A Prohibits discharge of gases containing Applicable to incinerators of more than SW-9, SW-10, SS-10,
Standards particulates exceeding 0.18 g/dry cubic - 45 metric tons per day (50 tons per day) SS-11

meter at standard conditions corrected to charging rate.
12 percent CO2, on or after the date of the
performance test.

National Emissions 40 CFR Part 61 Establishes numerical standards for
tz Standards fbr Hazardous - hazardous air pollutants.

Air Pollutanta (NESHAP)

Emission Standard 40 CFR §61.32 A Prohibits emissions of beryllium from Beryllium is a potential contaminant of SW-9, SW-10, SS-10,
for Beryllium stationary sources including incinerators concern at the 100 Area. Remedial SS-11

in excess of 10 grams/day unless incineration of waste may result in
otherwise approved. emissions of beryllium.

Emission Standard 40 CFR §61.52 A Prohibits emissions of mercury from Applicable to drying of wastewater SW-9, SW-IC,
for Mercury sludge incineration plants or aludge drying treatment plant sludge. Mercury is a GW-6, SS-10, SS-11

plants exceeding 3200 gramalday. potential contaminant of concern in the
100 Area.

Radionuclide 40 CFR 161.92 A Prohibits emissions of radionuclides to the Applicable to incinerators and other SW-4, SW-5, SW-45,
Emissions from DOE ambient air exceeding an effective dose remedial technologies where air SW-7, SW-8, SW-9,
Facilities (except equivalent of 10 mrem per year. emission may occur. SWIC, GW-5, GW-6,
Airborne Radon-222) SS-4, SS-5, SS-6,

SS-10, SS-11

Emission Standards 40 CFR §61.150 A States there must either be no visible Applicable to recovery and handling of SW-4, SW-5, SW-6,
for Asbestos for emissions to the outside air during the asbestos wastes. . SW-9, SW-10
Waste Disposal collection, processing (including
Operations for incineration), packaging, or transporting
Demolition and of any asbestos-containing waste material
Renovation generated by the source, or specified

waste treatment methods must be used.
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Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Asbestos Standard for 40 CFR §61.154 A States there must either be no visible Applicable to landfill disposal of SW-4, SW-5, SW-6,
Active Wane emissions to the outside air during the asbestos. SW-9, SW-10

Disposal Sites collection, processing (including -

incineration), packaging, or tramnporting
of any asbestos-containing waste material
generated by the source, or specified
waste treatment methods must be used.

Safe Drinking Water Act 42 U.S.C. 300f Creates a compreheraive national
et seq. framework to ensure the quality and

safety of drinking water.

National Primary 40 CFR Part 141 R&A Establishes maximum contaminant levels Applicable to public water systems. All
Drinking Water (MCL) and maximum contaminant level Potential chemicals and radionuclidesof
Regulations goals (MCLO) for organic, inorganic, and concern may migrate to the drinking

radioactive constituents. The MCL for water supply as a result of remedial
combined radium-226 and radium-228 is activities. Although federal MCLs are
5 pCiUL. The MCL for gross alpha not enforceable standards, they are
particle activity (including radium-226 but potential ARARs under the Washington
excluding radon and uranium) is State Model Toxics Control Act when
15 pCi/L. The average annual more stringent than other standards.
concentration of beta particle and photon See state ARARs.
radioactivity from manmade radionuclides
in drinking water shall not produce an
annual dose equivalent to total body or
any internal organ in excess of 4
milliremlyear. See Tables B4 and B5 for
other MCLs.

National Secondary 40 CFR Part 143 R&A Controls contaminants in drinking water Although federal secondary drinking All
Drinking Water that primarily affect the aesthetic qualities water standards are not enforceable,
Regulations relating to the public acceptance of they are potential ARARs under the

drinking water. Washington State Model Toxics Control
Act when more stringent than other
standards. See state ARARs.

0

w
U

w
t')

I-



l3bCIi 77F0

Alternatives
Al Potentially

Description Citation R&A* Requiemonts Remarks Affected

Solid Waste Disposud Act, as 42 U.S.C. 6901 Establishes the basic fiamework for
mended by the Resource et seq. federal regulation of solid and hazardous V
Consenation and Recovery waste.
Act (RCRA) W

Groundwater 40 CFR §264.92 A A facility shall not contaminate the Groundwater concentration limits in this SW-4, SW-5, SW-6,
Protection Standards [WAC 173-3034 uppermost aquifer underlying the waste section do not exceed 40 CFR 141, SW-7, SW-B, SW-9,

451 management area beyond the point of except for chromium which has a limit SW-10, GW-4,
ft

compliance, which is a vertical surface of 50 pg/L. GW-5, GW-6, SS-4,
located at the hydraulically downgradient SS-5, SS-6 SS-7,
limit of the waste management area that SS-B, SS-9, SS-10,
extends down into the uppennost aquifer SS-11
underlying the regulated area. The
concentration of certain chemicals shall
not exceed background levels, cerain
specified maximum concentrations, or
alternate concentrationlimits, whichever
is higher.

Uranium Mill Tailings Public Law -
Radiation Control Act of 1978 95404, as

amended

Standards for Uranium 40 CFR 192 Establishes standards for control, cleanup,
and Thorium Mill and management of radioactive materials
Tailings from inactive uranium processing sites.

14
(m
(D

'These are State of Washington regulatory citations which are equivalent to Title 40 Code of Federal Regulations, Parts 264 and 268 as stated in Washington
Administrative Code 173-303.
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-NOTE: A = Applicable, R&A = Relevant and Appropriate
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Alternatives
At Potentially

Description Citation R&A* Requirements Remarks Affected

Land Cleanup Standards 40 CFR R&A Requires remedial actions to provide May be relevant and appropriate, as any All

ji192.10 - reasonable asurance that, as a result of radium-226 encountered during
192.12 residual radioactive materials from any remediation did not result from uranium

designated processing site, the processing.
concentration of radium-22 6 in land
averaged over any area of 100 square
meters shall not exceed the background
level by more than 5 pCi/g, averaged over
the first 15 cm of soil below the surface,
and 15 pCi/g, averaged over 15-cm-thick
layers of soil more than 15 cm below the
surface. In any habitable building, a
reasonable effort shall be made during
remediation to achieve an annual average
(or equivalent) radon decay product
concentration (itncuding background) not
to exceed 0.02 Working Level (WL). In
any case, the radon decay product
concentration including background) shall
not exceed 0.03 WL and the level of
gamma radiation shall not exceed the
background level by more than 20
microroentegena per hour.

Implementation 40 CFR R&A Requires that when radionuclides other May be relevant and appropriate, as any Alt

1§192.20 - than radium-226 and its decay products radium-226 encountered during
192.23 are present in sufficient quantity and remediation did not result from uranium

concentration to constitute a significant processing.
radiation hazard from residual radioactive
materials, remedial action shall reduce
other residual radioactivity to levels as
low as reasonably achievable (ALARA).

U

w
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Alternatives
At Potentially

Description Ciation R&A* Requirements Remarks Affected

Department of Social and 43.20A RCW
Health Services (Drinking
Water)

Public Water Supplies WAC 248-54 Establishes requirements to protect users of
public drinking water supplies.

Maximum WAC 248-54-175 A The MCL for radium-226 is 3 pCi/L. The level for radium-226 exceeds the All
Contaminant Levels federal MCL in 40 CFR 192.
(MCL)

Model Toxics Control Act 70.105D RCW Requires remedial actions to attain a degree E
(MTCA) of cleanup protective of human health and

the environment.

Cleanup Regulations WAC 173-340 Establishes cleanup levels and prescribes
methods to calculate cleanup levels for soils,
groundwater, surface water, and air.

Groundwater Cleanup WAC 173-340-720 A Requires that where the groundwater is a Federal MCLG for drinking water All
Standards potential source of drinking water, cleanup (40 CFR Part 141) and federal T,

levels under Method B must be at least as secondary drinking water regulation
stringent as concentrations established under standards (40 CFR Part 143) are
applicable state and federal laws, including potential ARARs under MTCA when
the following: they are more stringent than other
(A) MCL established under the Safe standards. Method B cleanup levels
Drinking Water Act and published in 40 are levels applicable to remediation at
CFR 141, as amended; Hanford unless a demonstration can
(B) MCL for noncarcinogens established be made that method C (alternate
under the Safe Drinking Water Act and cleanup levels) is valid.
published in 40 CFR 141, as amended;
(C) Secondary MCL established under the
Safe Drinking Water Act and published in 40
CFR 143, as amended; and
(D) MCL established by the state board of
health and published in Chapter 248-54
WAC, as amended.

See Tables B4 and B5 for cleanup levels for
groundwater.

tw
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Alternatives

A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Soil Cleanup WAC 173-340-740 A MTCA Method B concentration limits in SS-1, SS-2,

Standards nicrogrusn per kilogram for potential SS-3, SS-4,
contaminants in soils, sediments, and sludges SS-5, SS-6,
are: SS-7, SS-S,

SS-9, SS-10,
Boron 7,200,000 SS-11
Lead 112,000
Manganese 8,000,000
Vanadium 560,000
Cyanide 1,600,000
Bis (2-ethylhexyl) phthalate 71,400
PCBs 130
Acetone 8,000,000
Benzene 34,482

Chlorobnzene 1,600,000
Trans -1,2-dichloroethene 1,600,000
Ethylbenzene 8,000,000
Methyl Isobutyl Ketonw 400,000
Perchloroethylene 19,607
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Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Solid Waste Mangment 70.95 RCW
Recovery and Recycling Act

Minimumn Functional WAC 173-304 Establishes requirements to be met statewide
Standards for Solid Waste for the handling of al solid waste. W
Handling

Landfilling Standards WAC 173-304-460 A Prohibits an operator/owner from violating SW-4, SW-5,
Chapter 90.48 RCW (Water Pollution SW-6, SW-9,
Control) or any receiving water quality SW-10,
standards fom discharges of surface run-off, GW-5, GW-6,
leachate, or any other liquid associated with SS-4, SS-5,
a landfill. Prohibits violation of any ambient SS-6, SS-10,
air quality standard at the property boundary SS-11
or emission standard from any emission of
landfill gases, combustion, or any other
emission associated with a landfill. Prohibits f 0
explosive gases whose concentration exceeds
100 ppm by volume of hydrocarbons

0 (expressed as methane) in off-site structures.
t-

ID



Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Water Pollution Control 90.48 RCW

Surface Water Quality WAC 173-201 Sets surface water quality standards for the C"

Standards state.

Water Criteria WAC 173-201-045 A Standards for surface water designated The Hanford reach of the Columbia SW-4, SW-5,
Classes *Class A include: freshwater temperature River is classified "Class A.* SW-6, SW-7,

shall not exceed 18.0*C due to human SW-8, SW-9,
activities. Temperature increases shall not at SW-10,
any time exceed t = 28(+7 where 't" GW-5, GW-6,
represents the maximum permissible SS-4, SS-5,
temperature increase measured at a dilution SS-6, SS-10,
zone boundary and "T" represents the SS-11
background temperature as measured at a
point or points unaffected by the discharge
and representative of the highest ambient
water temperature in the vicinity of the
discharge.

When natural conditions exceed 18.00
(freshwater) and 16.0' (marine water), no
temperature increase will be allowed which
will maixe the receiving water temprtur by
greater than 0.3C.

Provided that temperature increase resulting
from nonpoint source activities shall not
exceed 2.8 0C, and the maximum water
temperature shall not exceed 18.3*C
(freshwater).

pH shall be within therange of 6.5 to 8.5
(freshwater) with a mwa-caused variation
within a range of less than 0.5 units.

0
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Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Toxic Substances WAC 173-201-047 A Sets surface water limits frr toxic All
substances. Freshwater limits in micrograms
per liter for 100 Area contaminants are:

Cadmium(acute): < ett" *"Q"A-
Csdmium(cbronic): 8(Ie*- Lh*n'245

Iead (acute): < e" "I "1
Load (chronic): al-73Nm"4"Ot-

N ickel (acute): < P N 04 40 * M1 2)

Nickel (chronic): < -M" n

(acute) (chronic)
Chlorine 19.0' 110
Chromium 16.0' 11.
Cyanide 22.0' 5.2C
Mercury 2.4 0.01
PCBs 2.0' 0,014

CD A one-hour average concentration not to be a
exceeded more than once every three years. W -
'A four-day average concentration not to be
exceeded more than once every three years.
'A 24-hour avenge not to be exceeded.
NOTE: Hardness is a measure of the
calcium and magnesium salts present in
water, measured in milligrams per liter as
calcium carbonate.

Radiation Protection - Air WAC 246-247 Estabilishes procedures for monitoring,
Emissions control, and reporting of aisborne

radionuclide emissions.

New and Modified Sources WAC 246-247-070 A Requires the use of beat available
radionuclide control technology (BARCT),
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NOTE: A = Applicable, R&A = Relevant and Appropriate
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Alternatives
A/ Potentially

Description Citation R&A t  Requirements Remarks Affected

Radiation Protection Standards WAC 246-221 Establides standards for protection against
radiationhazards.

Radiation dose to WAC 246-221-010 A Specifics dose limits to individuals in All

individuals in restricted restricted areas for hands and wrists, ankles

areas and feet of 18.75 renm/quartar and for skin of
7.5 ren/quarter.



Alternatives
Potentially

Description Citation Requirements Remarks Affected

Benton-Franklin-Walla Walla General
Counties Air Pollution Control Regulation 80-7
Authority

Maximum Permissible Section 400-040 Prohibits emission of air contaminants for more than 3 SW-4, SW-5,
Emissions minutes/hour when emissions at or near the emission SW-6, SW-9, 0.i

source exceed 20 percent opacity, except under special SW-10, GW-5,
circumstances. GW-4, SS-s,

SS-5, SS-6,
SS-10, SS-1l

Maximum Allowable Section 400-050 Prohibits emissions exceeding 100 ppm of total SW-9, SW-10,
Emissions for Combustion carbonyls. SS-10, SS-1I
and Incineration Sources

Maximum Emissions for Section 400-060 Prohibits emissions of pauiculates from general Pertinent to sources that result in a physical SW-9, SW-10,
General Process Sources process sources exceedingft.10 grain (.0065 gram) or chemical change in naterial (excluding GW-5, GW-6, --

per standard cubic foot of dry exhaust gas. combustion). SS-10, SS-11

City of Richhmd Ordinance No. Prohibits discharges which may interfer with the city's All
35-84 water treatment facility. Alo prohibits discharges of

toxic pollutants in sufficient quantity to constitute a -

hazard to humans or animals. Establishes limits for
pH, temperature, and chemical constituents.

A Guide on Remedial Actions EPA Directive Provides a general framework for determining cleanup SW-9, SW-10,
at Superfuard Sites with PCB 9355-.4-OIFS levels, identifying treatment options, and assessing GW-5, GW-6, pa
Contamination necessary management controla for residuals. SS-10, SS-11

Model Toxics Control Act 70.105DRCW All

Cleanup Regulations WAC 173-340 The State Department of Ecology is currently adapting
the calculations in MTCA to be applicable to
radioactive contaminants. These cleanup standards
may become available prior to or during remediation.



Alternatives
Potentially

Description Citation Requirements Remarks Affected

Safe Drinking Water Act 42 U.S.C. 300f
et seq.

National Primary 40 CFR 141 Proposed maximum contaminant level goals (MCLGs) Federal MCLGs are ARAR under MTCA Al-
Drinking Water (Federal Register, July 18, 1991) are: when they are more stringent than other state
Regulations standards.

Contaminant MCLG W
Cr

Radium-226 zero
Radium-228 zero 
Uranium zero
Gross alpha emitters zero
Beta and photon emitse, zero

National Primary FR Vol. 56, Provides numercal standards for radionuclides When promulgated, these proposed rules All
Drinking Water No. 138, July corresponding to 4 mneniyr dose through drinking will replace sections in 40 CFR 141 and 142
Regulations; 18, 1991 water as follows (pCi/L):
Radionuclides - Proposed Tritium 69,040

Rules Carbon-14 3,200
cr Cobait-60 218 5

Nickel-63 9,910 n
Strontium-90 42
Zirconium-93 5,090
Niobium-94 707
Techntium-99 3,790
Palladium-107 36,600
Antimony-125 1,940
Iodine-129 21
Cesium-134 81
Cesium-137 119
Samarium-151 14,100
Europium-152 841
Europium-154 573
Radium-228 7.85
Uranium-235 14.5
Uranium-236 14.6
Plutonium-238 7.02
Plutonium-239 62.1
Plutonium-240 62.2
Plutonium-241 62.6
Americium-241 6.34

0 0



Alternatives

Potentially
Description Citation Requirements Remarks Affected

Solid Waste Disposal Act, as 42 U.S.C. 6901
amended by RCRA a se.

Criteria for Classification 40 CFR 1257.3- A facility or practice shall not contaminate an The courts or the state may establish SW-4, SW-5,
of Solid Waste Disposal 4 underground drinking water source beyond the solid alternate boundaries. SW-6, SW-7,
Facilities and Practices waste boundary. SW-8, SW-9,

SW-10, GW-4,
GW-5, GW-6,
SS-4, SS-5,
SS-6, SS-7, t
SS-8, SS-9,
SS-10, SS-11

Corrective Action for 40 CFR 264 Estabiliahes requirements for investigation and SW-6, SW-7, t
Solid Waste Management Subpart S, corrective action for releases of hazardous waste from SW-8, SW-9,
Units proposed solid waste management units. SW-10, GW-4,

GW-5, GW46,
SS-4, SS-5,
SS-6,SS-7,
SS-8, SS-9, i wSS-10, SS-1lI

U.S. Department of Energy
Orders

Radiation Protection of DOE 5400.5 Establishes radiation protection standards for the
the Public and the public and environment.
Environment

Radiation Dose Limit (All DOE 5400.5, The exposure of the public to radiation sources as a Pertinent if remedial activities are 'routine All
Pathways) Chapter II, consequence of all routine DOE activities shall not DOE activities."

Section la cause, in a year, an effective dose equivalent greater
than 100 uremn from all exposure pathways, except
under specified circumstances.



Alternatives
Potentially

Description Citation Requirements Remarks Affected

Radiation Dose Limit DOE 5400.5, Provides a level of protection for persons consuming Pertinent if radionuclides may be released All
(Drinking Water Pathway) Chapter I, water from a public drinking water supply operated by during remediation.

Section Id DOE so that persons consuming water from the supply
shall not receive an effective dose equivalent greater
than 4 mrem per year. Combined radium-226 and
radium-228 shall not exceed 5 x lO'gCi/mL and gross
alpha activity (including radium-226 but excluding
radon and uranium) shall not exceed 1.5 x 104

pCi/mL.

Residual Radionuclides in DOE 5400.5 Generic guidelines for radium-226 and radium-228 Residual concentrations of radioactive SS-1, SS-2,
Soil Chapter IV, are: material in soil a defined as those in SS-3, SS-4,

Section 4a excess of background concentrations SS-5, SS-6,
* 5 pCi/g averaged over the first 15 cm of soil averaged over an area of 100 n?. SS-7,SS-8,

below the surface; and SS-9, SS-10, -

SS-11
* 15 pCi/g averaged over 15-cm-thick layers of

soil more than 15 cm below the surface.

Guidelines for residual concentrations of other E5 to
radionuclides must be derived from the basic dose
limits by means of an environmental pathway analysis
using specific property data where available.
Procedures for these deviations are given in "A
Manual for Implementing Residual Radioactive
Material Guidelines" (DOE/CH-8901). Procedures
for determination of "hot spot@,* "hot-spot cleanup
limits," and residual concentration guidelines for
mixtures arm in DOE/CH-8901. Residual radioactive
materials above the guidelines must be controlled to
the required levels in 5400.5, Chapter i and Chapter
IV.
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Radiation Protection Safe Drinking Water Act State Limit for Columbia River
Standards Primary MCL Groundwater DOE Order 5400.5 Concentration

Contaminant (pCi/Lr (pCiIL)' (pCi/L) (pCi/L)d (pCi/L)*

Tritium 2.0 E+04 2.0 E+04 8.0 E+04 130.0

Carbon-14 8.0 E+06 2.8 E+03

Calcium-41 4.0 E+03

Cobalt-60 5.0 E+05 2.0 E+02

Nickel-63 3.0 E+05 1.2 E+04

Selenium-79 8.0 E+02

Krypton-85

StronLium-90 8 8 4.0 E+01

Zirconium-93 8.0 E+06 3.6 E+03

Niobium-94 1.2 E+03
Palladium-107 4.0 E+04

Cadmium-I 13 3.2 E+01

Iodine-129 3.0 E+03 2.0 E+01

Cesium-134 9.0 E+04 8.0 E+01

Samarium-151 6.0 E+05 1.6 E+04

Europium-152 8.0 E+05 8.0 E+02

Radium-226/228 5 5 5 4.0 E+00

Uranium-235/238 2.4 E+01

Uranium-238 4.0 E+05 2.4 E+01

Plutonium-238 5.0 E+04 1.6 E+00

Plutonium-239/240 1.2 E+00

Plutonium-241 2.0 E+06 8.0 E+01

Americium-241 4.0 E+04 1.2 E+00

See footnote key at end of table.

w
4:~.

0

n

=

St

0
-C,

U

0



DOE/RL-92-11
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Table B4. Potential Water Quality Criteria and Limits for
Radionuclides (Page 2 of 2)

* Source: 40 CFR 191.
b Source: 40 CFR §141.16.
O Source: Washington Ground Water Quality Standards. Enforcement limits may exceed

these values when the natural ground water quality exceeds the criteria or when other
exceptions contained in WAC 173-200-050(3)(b) apply.

d Four percent of the derived concentration guide values are shown because the DOE limit
for each contaminant in drinking water is 4 mrem/year; the total of all contaminants is not
to exceed the DOE exposure limit of 100 mrem/year.

* Source: Ebasco Services Incorporated, 1991, "Engineering Evaluation of Containment
Alternatives for N-Springs Releases," WHC-SD-EN-EE-003, Rev. 0, Richland,
Washington.

NOTE: Limits for gross alpha and beta particle and photon radioactivity are listed in Table
IA (40 CFR Part 141).
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Safe Drinking Water
Water Quality Criteria (pg/L) Act

Columbia River Protection of Protection of State Limit for
Contaminant Concentration Protection of Freshwater Aquatic Freshwater Aquatic Primary MCL RCRA Subpart F Groundwater

(Metal) (g/L). Human Healtlh Species (Chronic)' Species (Acute)' w/I)d (AIL) (UgLY
Arsenic 0.018 190 360 50 50 0.05
Beryllium 0.0005 0.0077 5.3 130 4 80
Barium 0.0430 1 mg 2,000 1,000 200
Cadmium <0.001 16 1.1 3.9 5 8.5
Chromium <0.001 170 11 16 100 50 50
Cobalt

Lead 0.0020 50 3.2 82 50' 50 22.4

Manganese 0.0050 50 50
Mercury 0.0001 0.14 0.012 2.4 2 2 2
Nickel 0.0020 610 160 1,400 100 320
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Safe Drinking
Water Quality Criteria OsgJL) Water Act

Contaminant Protection of Freshwater Protection of State Limit for
(Nonmetallic Ion or Columbia River Protection of Human Aquatic Species Freshwater Aquatic Primary MCL Groundwater

Compound) Concentration (pg/L) Healthi (Chrodo)* Species (Acute)' (.g/L)o (JLL
ASbestoS 7 x 101 fibers/L 7 x 10' fibers/L

Chloride 6.0 250,000

Chlorine

Cyanide 1 700 5.2 22.0 200 320

Fluoride 0.20 4,000 2,000

Hydrochloric Acid

Nitrate 0.30 10,000 10,000

Nitrite 1,000 1,000

Phosphoric Acid

Sulfate 14.0 250,000

LA
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Safe Drinking Water
Water Quality Criteria (pg/L) Act

Protection of Protection of
Contaminant Freshwater Freshwater State Limit for

(Volatile Organic Columbia River Protection of Aquatic Species Aquatic Species Primary MCL Groundwater
Compound) Concentration (pg/L) Human Health" (Chronic) (Acute)' (g/L (pg/L)*

Benzene 1.2 5,300 5 1.0
Chlorobenzene 680 160

Chloroform 5.' 100 7

Trans-1,2-dichloroethene
700 ______ 00 . 100

Eihylbenzcne 3,100 700 700

Methylene Chloride 4.7 5 5

Methyl Isobutyl Ketone
(MIBK) - 800
Perchlorethlyene
(Tetrachloroethene,
Tetrachloroethylene 0.8 840 5,280 5 0-8

Trichloroethene 2.7 21,900 45,000 5 3

Xylenes (Total) 10,000 1,000
0
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Safe Drimking Water
Water Quality Criteria rg/L) Act

Contaminant Columbia River Protection of Pzotection of
(Nonvolatile Organic Concentration Protection of Freshwater Aquatic Freshwater Aquatic Primary MCL State Limit for

Compound) (pgLU Human Heaw? Specie (Chronic) Species (Acute)' (UgIL)' Groundwater (QgnL)
Acetic Acid

Ammoiated citric acid
soludion;
Bil(-2-ethylhexyl)
phthalste 6

Elhylertodiamine

Ethylenediamine tetralcetic
Acid (EDTA)

Formic Acid

Oxalic Acid

Hydrazine 0.03

PCBs 0.079 ng 0.014 2 0.5 0.01

Tetracthyl

pyrophophate

Tetrahydrofuran

Thiourea
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Table B5. Potential Water Quality Criteria and Limits for Nonradionuclides
(Page 5 of 5)

Source: Ebasco Services Incorporated, 1991, "Engineering Evaluation of Containment
Alternatives for N-Springs Releases," WHC-SD-EN-EE-003, Rev. 0, Richland,
Washington.

h Human health values shown are for consumption of water and organisms. The values are
from the November 19, 1991, EPA-proposed toxics rule-the most current values available
from the EPA as of this writing.

O Source: EPA "Quality Criteria for Water 1986" and EPA "Update #2 to Quality Criteria
for Water 1986."

d Source: 40 CFR §§141.61-141.62 for all MCLs except lead and arsenic (40 CFR
§141.11).

* The most restrictive concentration from the Washington Ground Water Quality Standards or
the Model Toxics Control Act (MTCA) (Method B) is shown. In accordance with MTCA,
state limits include federal maximum contaminant level goals (MCLG) from 40 CFR 141
and federal secondary drinking water standards (40 CFR 143), if these values are more
stringent than state standards. Where the Washington Ground Water Quality Standards are
the most restrictive, enforcement limits may exceed these values when the natural ground
water quality exceeds the criteria or when other exceptions contained in WAC 173-200-050
(3)(b) apply.
The MCL for lead (40 CFR §141.11) is in effect until December 7, 1992; no revised MCL
for lead after that date is available.
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Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Atomic Energy Act of 1954 42 U.S.C. 2011 Authorizes DOE to set standards and
t seq. restrictions governing the design,

location, and operation of facilities used
for research, development, and
utilization of atomic energy. W

Ch
Radiation Protection Standards 40 CFR Parn 191 A Requires monitoring of spent nuclear Applicable to waste disposed of after SW-4, SW-5,

Subpart B fuel, high-level, or TRU disposal November 18, 1985. SW-6, SW-9,
systems after disposal; specifies controls SW-10,
for disposal sites; requires barriers for GW-5, GW-6,
disposal systems; sets criteria for SS-4, SS-5,
selecting disposal sites and systems. SS-6, SS-10,

SS-11
CL

Licensing Requirements for Land 10 CFR Part 61 Establishes criteria for the land disposal
Disposal of Radioactive Waste of radioactive waste. 

Performance Objectives 10 CFR 4§61.40- A Land disposal facilities must be sited, Applicable to on-site disposal of SW-4, SW-5,
61.44 designed, operated, closed, and radioactive materials. SW-9, SW-10,

controlled after closure to assure that GW-5,GW4,
exposure to humans is within established SS-4,SS-5,
limits. SS-6, SS-10,

SS-11

Technical Requirements 10 CFR §§61.50- A Establishes design criteria for land SW-4,SW-5,
61.59 disposal sites and other requirements for SW-9, SW-10,

site suiability, operation, closure, GW-5, GW-6,
monitoring, waste classification, and SS-4, SS-5,
waste characteristics. SS-6, SS-10,

SS-11

tlQ
ft)



Alternatives
iA/ PotentiallyDescription Citation R&A* Requirements Remarks Affected

Clean Air Act 42 U.S.C. 7401
at seq.

National Emission Standards for 40 CFR Part 61
Hazardous Air Pollutants

Asbestos Standard for 40 CFR j61.150 A Prohibits visible emissions to the outside Applicable if asbestos-containing waste SW-4, SW-5,
Waste Disposal air during incineration, packaging, or will be incinerated, packaged or SW-6, SW-9,

transporting of any asbestos-containing transponted. SW-10,
waste material generated by the sourme GW-5, GW-6, 1
unless a specified emission control and SS-4, SS-5,
waste treatment method is used. SS-6, SS-10,

- SS-ll 0
Asbestos Standard for 40 CFR §61154 A Sets requirements for covering of Applicable if waste sites receive SW-9, SW-10, C
Active Waste Disposal asbemos-containingwaste, if asbestos-containing materials. GW-4, GW-5,
Sites requirments for no visible emissions are GW-6, SS-4,

not met at sites where such waste is SS-5, SS-6, >
deposited. Requires a natural barrier or SS-7, SS-8,
waring signs and fencing to deter SS-9, SS-10,public access to the site. SS-it t

Department of Transportation 49 CFR Subpart A Establishes requirements for Applicable when hazArdous wastes must SW-4, SW-5,
C transportation of hazardous waste be transported off-site or on public SW-6, SW-9,

including labeling, marking, and roadways. SW-10, SS-4,
placarding for shipment. SS-5, SS-6,

SS-10, SS-1I

Federal Water Pollution Control Act 33 U.S.C. 1251 Creates the basic national framework for Applicable to discharges of pollutants to
(FWPCA), as amended by the Clean et seq. water pollution control and water quality navigable waters.
Water Act of 1977 (CWA) management in the United States.

The National Pollutant 40 CFR Part 122 A Past 122 covers establishing technology- Applicable if remediation includes SW(, SW-5,
Discharge Elimination based limitations and standards, control wastewater discharge; also applies to SW-6, SW-7, N
System (NPDES) of toxic pollutants, and monitoring of storm water runoff associated with SW-B, SW-9,

effluent to assre limits are not industrial activities. Effluent limitations SW-10,
exceeded. established by EPA and included in GW-5, GW-6,

NPDES permit. SS4, SS-5,
SS-6, SS-10,
SS-Il



Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

NPDES 40 CFR Best management practices program
Criteria and 1125.104 shall be developed in accordance with
Standards good engineering practice.

Discharge of Oil 40 CFR Part 110 A Prohibits discharge of oil that violates Runoff from site will need control for All W
applicable water quality standards or oily waste discharge to waters of the
causes a sheen of oil on water surface. United States.

Safe Dridkitg Water Act (SDWA), as 42 U.S.C. 300f Creates a comprehensive national Applicable to public water systems.
amended ct seq. framework designed to ensure the

quality and safety of drinking water
supplies.

Underground Injection 40 CFR Part 144 A Identifies the minimum requirements for Applicable for remedial action involving GW-5
Control (UIC) Program UIC programs. Requires all UI wells to reinjection of groundwater. KL

be permitted and describes permitting
procedures.

Criteria and Standards for 40 CFR Par 146 A Establishes siting, construction, Applicable for remedial action involving GW-5
the Underground Injection operating, monitoring, and closure reinjection of groundwater. +

Control (UIC) Program requirements for all classes of injection c
wells. (Criteria and standards for class
IV wells are reserved at this time.)

Solid Waste Disposal Act as amended 42 U.S.C.6901 ot Establishes the basic framework for Hazardous waste generated by site
by the Resource Conservation and seq. federal regulation of olid waste. remediation activities must meet RCRA
Recovery Act (RCRA) Subpart C of RCRA controls the generator and treatment, storage, or

generation, transportation, treatment, disposal (TSD) requirements.
storage, and disposal of hazardous waste
through a comprehensive "cradle to
grave' system of hazardous waste
management techniques and C
requirements.

Guidelines for Thermal 40 CFR Part 240 Sets guidelines for thermal processing of Applicable only to nonhazardous solid
Processing of Solid Wastes solid wastes wastes.

Solid Waste Excluded 40 CFR R&A Provision for storing, handling, and SW-9, SW-10,
f240.201 removing hazardous or excluded wastes SS-10, 85-Il

left inadvertently at the facility should be
considered in design.



Alternatives
At Potentially

Description Citation R&A* Requirements Remarks Affected

Site Selection 40 CFR R&A Accessibility by permanent roads, and SW-9, SW-10,
5240.202 environmental, climatological, and SS-10, SS-11

socioeconomic criteria should be .

considered when siting a facility.

General Design 40 CFR R&A A plan for a new or modified facility, SW-9, SW-10,
1240.203 including a list of considerations and SS-10, SS-11

rationale for the decisions on the
considerations, must be approved prior
to construction.

Identification and Listing of 40 CFR Part 261 A Identifies by both listing and Applicable if remediation techniques - SW-4, SW-5, -
Hazardous Waste [WAC 173-303- characterization, those solid wastes result in generation of hazardos wastes. SW-6, SW-9, 1

0161 subject to regulation as hazardous wastes SW-10, M

under Pans 261-265, 268, and 270. GW-5, GW-6,
SS-4, S-5,
SS-6 SS-10,

Standards Applicable to 40 CFR Part 262 Describes regulatory requirements Applicable if remediation techniques
Generators of Hazardous Waste (WAC 173-303] imposed on generators of hazardous result in generation of hazardous waste. W

wastes who treat, store, or dispose of the
waste on-ste.

General Requirements 40 CFR §262.20 A Generators who transport hazardous Applicable if hazardous waste is SW-5, SS-5,
[WAC 173-303- waste for off-site treatment, storage, or transported off-site for treatment, SS-11
1801 disposal must originate and follow-up storage, or disposal.

the manifest for off-site shipments.

Packaging, Labeling, 40 CFR 1262.30- A Before transporting a hazardous waste, Applicable if hazardous waste is - SW-5, SS-5,
Marking, and Placarding 33 the generator must package, label, mark, transported off-site for treatment, SS-11

[WAC 173-303- and placard the shipment in accordance storage, or disposal.
190] with DOT regulations.

Accumulation Time 40 CFR 1262.34 A Allows a generator to accumulate Hazardous waste removed from the 100. SW-4, sW-5, ,
[WAC 173-303- hazardous waste on-sitz for 90 days or Area operable units, and waste treatment SW-6, SW-9,
200] less without a permit, provided that all residues, are subject to the 90-day SW-10,

waste is containerized and labeled. generator accumulation requirements if OW-5, GW-6,
the waste is stored on site for 90 days or SS-4, 8S-5,
less. Ifhazardowswasteis storedfor SS-6, SS-10,
more than 90 days, the full permitting SS-11
standards for TSD facilities must be
met.



Alternatives
A/ PotentiallyDescription Citation R&A* Requirements Remarks Affected

Standards for Owners and 40 CFR Part 264 Esusblishes requirements for operating Applies to facilities put in operation
Operators of Hazardous Waste [WAC 173-303] hazardous waste treatment, storage, and since November 19, 1980. Facilities in
Treatment, Storage, and Disposal disposal facilities. operation before that date and existing
Facilities facilities handling newly regulated

wastes must meet similar requirements
in 40 CFR Part 265. Applies if
remediation technique results in on-site
treatment, storage, or disposal of
hazardous waste.

General Facility Standards 40 CFR A Security fences, EPA ID number, SW-4, SW-5,
1§264.10-264.18 inspectionrecords, personnel training, SW-6, SW-9,
[WAC 173-303- geologic location standards. SW-t0,
060; 173-303- GW-5, GW-6, M
310; 173-303- SS-4, SS-5,
320; 173-303- SS-6, SS-10, -
3301 S-11

Preparedness and 40 CFR A Facility design; required equipment; SW-4, SW-5,
Prevention §§264.30- 264.37 testing and maintenance of equipment; SW-6, SW-9, w

(WAC 173-303- alarms and access to conmunications; SW-10,
340j required aisle space; agreements with GW-S, GW-6,

state emergency response teams, SS4, SS-5,
equipment suppliers; facility tours for SS-6, SS-10, M
fire and police department. SS-l

Contingency Plan and 40 CFR A Written plans for emergency procedures Applicable for active sites, reduced or SW-4, SW-5,
Emergency Procedures §§264.50- 264.56 and named coordinator. eliminated for closed sites. SW-6, SW-9,

[WAC 173-303- SW-10,
350; 173-303- GW-5, GW-6,
3601 SS-4, SS-5,

SS-6, SS-10,
SS-11
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Alternatives
At Potentially

Description Citation R&A* Requirements Remarks Affected

Ground-water 40 CFR A Owners and operator, of new hazardous Applicable to those alternatives where SW-4, SW-5,
Monitoring 1§264.92- 264.99 waste disposal facilities must conduct a wastes are to be removed and placed in SW-6, SW-9,

[WAC 173-303- groundwater monitoring program in new, replacement, or expanded SW-10,
6451 accordance with 40 CFR 264.97. This hazardous waste disposal facilities to GW-5, GW-6,

must include, if necessary, a detection ensure hazardous waste constituents are &94, SS-5, W
monitoring program under 40 CFR not leaching out to the soil or SS-6, SS-10,
264.99 and a corrective action program groundwater SS-11
under 40 CFR 264.100 if a groundwater
protection standard is exceeded or if the
concentration limits established under 40
CFR 264.94 are exceeded between the
compliance point and the downgradient
facility property boundary.

Cd

Closure 40 CFR A Performance standard which controls, SW-4, SW-6,
1§264.A II- minimizes, or eliminates, to the extent SW-9, SW-IC, .
264.116 necessary to protect human health and GW-5, GW-6, p

t IWAC 173-303- the environment, postolosure escape of SS-4,SS-6,
6101 chemicals; closure plan; time limits; m5-10, SS-11

disposal or decontamination of
equipment, structures, soils; certification
of closure survey plat. All contaminated -
equipment, structures, and soils must be
properly disposed.

Postclosure 40 CFR A Postclosure care must begin after Applicable to waste remaining in place SW-4, SW-6,
9§264.117- completion oftlosure and continue for after closure. Requires postclosure care SW-9, SW-10,
264.120 30 years. During this period, the owner and monitoring to ensure elimination of OW-5, GW-6,
[WAC 173-303- or operator must comply with all escape of hazardous constituents, SS-4,SS-6,
6101 postclosure requirements, including leachate, and contaminated runoff. SS-10, SS-11

maintenance of cover, leachate
monitoring, and groundwater
monitoring. ON

Container 40 CFR A Condition of container.; compatibility of May be applicable if container storage is SW-4, SW-6,
Storage §§264.170- wane with containers; container to occur. Inspection requirements may SW-9, SW-10,

264.178 management; inspections; containment; be in potential conflict with ALARA GW-5, 6W-6,
[WAC 173-303- special requirements for ignitable or requirements. SS-4, SS-6,
160-173-303-161] reactive wastes. SS-10, SS-1I
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Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Tank Systems 40 CFR A Assessment of tank integrity; design and Applicable if remediation technique UW-5, GW-6

1§264.190- installation of new tank system or includes tank systems for storage or
264.199 components; containment and detection treatment.
[WAC 173-303- of releases; inspections;
6401 closurelpostelosure car; special

requirements for ignitable or reactive
wastes.

Landfills 40 CFR A Design and operating requirements, Applicable if remediation technique SW-4, SW-5,
1§264.300- including liner systems and control of includes disposal in landfills. Land SW-6, SW-9,

264.317 rainfall run-on and runof f; monitoring Disposal Restrictions (40 CFR Part 268) SW-10,
jWAC 173-303- and inspection; surveying and record apply. GW-S, GW-6,

6651 keeping; closure/poetclosure care, SS-4, SS-5,
including final cover; apecial SS-6, SS-10,
requirements for ignitable or reactive SS-11
wastes incompatible wastes, bulk or
containerized liquids and containers;
disposal of small containers.

Incineration 40 CFR A Waste analysis; performance standards; Applicable if remediation technique SW-9, SW-IC,
1§264.340- specified principal organic hazardous includes incineration in hazardous waste SS-10, SS-11
264.351 constituents; incinerator permit; incinerators, boilers, or industrial

fWAC 173-303- monitoring and inspections; closure. furnaces. See state ARARs for
6701 additional requirements.

Corrective Action for 40 CFR 264.552 A Establishes provisions for corrective SW-4, SW-5,

Solid Waste Management action management units (CAMU). A SW-6, SW-9,

Units CAMU is an area within a facility that is SW-10,
designated by the Regional GW-5, GW-6,

Administrator for the purpose of SS-4, SS-5,
implementing corrective action SS-6, SS-10,
requirements. A CAMU is used to SS-1I
manage remedial wastes from corrective
actions.

Miscellaneous 40 CFR A Environmental performance standards; Applicable if remediation technique SW-4, SW-6,
Units 1§264.600- monitoring; analysis; inspection; includes treatment, storage, and/or SW-9, SW-10,

264.603 response; reporting; and corrective disposal in a unit not specified in 40 GW-5, GW-6,

[WAC 173-303- action. CFR 11264.190-264.351. Vaults may SS-4, SS-6,
680] be determined to be miscellaneous units. SS-10
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Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Land Disposal Restrictions 40 CFR Part 268 A Generally prohibits placement of Applicable unless wastes have been SW-4, SW-5,
(LDR) [WAC 173-303- restricted RCRA hazardous wastes in treated, treatment has been waived, a SW-6, SW-9,

140- land-based units such as landfills, treatment variance has been set for the SW-10, GW-
WAC 173-303- surface impoundments, and waste piles. waste, an equivalent treatment method 5,
1411 Prohibits storage of restricted waste for petition has been approved, a no- GW-6, SS4,

longer than one year unless the migration petition has been approved, or SS-5, SS-6,
owner/operator can prove storage is the waste has been delisted. SS-10, SS-11
necessary to facilitate proper recovery,
treatment, or disposal.

Treatment 40 CFR A Establiehes treatment standards that must Applicable if wastes contain RCRA SW-4, SW-5,
Standards §§268.40- 268.44 be met prior to land disposal. hazardous constituents. SW-6, SW-9,

[WAC 173-303- SW-10,
1401 GW-5, GW-6,

SS-4, SS-5,
SS-6, SS-10,
SS-11

Prohibitions 40 CFR §268.50 A The storage of hazardous waste SW-4, SW-5,
on Storage jWAC 173-303- restricted from land disposal under SW-6, SW-9,

1411 RCRA Section 3004 and 40 CFR 268, SW-10,
Subpart C, is prohibited unless wastes GW-5, GW-6,
are stored in tanks and containers by a SS4, SS-5,
generator or the on-site operator of a SS-6, SS-10,
TOD facility solely for the purpose of SS-l
accumulation of such quantities as to
facilitate proper treatment or disposal.
TSD facility operators may store wastes
for up to one year under these
circumstances.

Technical Standards for 40 CFR Part 280 A Establishes design, construction, Applicable if USTs are removed or SW-3, SW-4,
Underground Storage [WAC 173-360] operating, release reporting, and closure closed during the remedial action. Not SW-5, SW-6,
Tanks (UST) requirements for USTs. applicable to UST systems holding SW-7, SW-8,

hazardous wastes identified under the SW-9, SW-10,
Solid Waste Disposal Act. See Sate GW-3, GW-4,
ARARs for additional requirements. GW-5, GW-6,

SS-3, SS-4,
SS-5,SS-6,
SS-7, SS-8,
SS-9, SS-10,
SS-Il
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Alternatives

A/ Potentially

Description Citation R&A' Requirements Remarks Affected

Toxic Substances Control Act 15 U.S.C. 2601
(TSCA), as amwnded at seq.

Regulation of 40 CFR Part 761 A For spills occurring after May 4, 1987, PCBs may have been disposed of in the SW-9, SW-10,

Polychlorinuted Biphenyls spillage or disposal must be reported to landfill sites in electrical capacitors or GW-5, GW-6,

(PCBs) EPA. Unless otherwise approved, PCBs transformers. SS-10, SS-It
at concentrations of 50 ppm or greater
must be treated in an incinerator. Spills
that occurred before May 4, 1987 are to
be decontaminated to requirements
established at the discretion of the EPA.

Uranium Mill Tailings Radiation Pub. L. 95-604, Establishes controls of residual

Control Act of 1978 as amended radioactive material at processing and
depository sites.

Health and Environmetal 40 CFR Part 192 R&A Requires remedial action of residual Although Hanford is not a site All

Protection Standards for Inactive Subpart A radioactive material to be effective for at designated by the Act, requirements of

Uranium Processing Sites least 200 years. the Act are relevant and appropriate to
the site.

-NOTE: A = Applicable, R&A = Relevant and Appropriate
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Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Departaaewt of Ecology 43.21A RCW Vests the Washington Department of
Ecology with the authority to undertake the
mate air regulation and management W
program.

Air Pollution Regulations WAC 173-400 Establishes requirements for the control Applicable if emission sources are
and/or prevention of the emission of air created during remedial action.
contaminants.

Standards for WAC 173-400-040 A Requires best available control technology Applicable to dust emissions from SW-2, SW-3,
Maximum Emissions be used to control fugitive emissions of cutting of concrete and metal and SW-4, SW-5,

dust from materials handling, construction, vehicular traffic during remediation. SW-6, SW-7,
demolition, or any other activities that are SW-S, SW-9,
sources of fugitive emissions. Restricts SW-10,
emitted particulates from being deposited GW-2, GW-3,

beyond Hanford. Requires control of odors GW-4, GW-5,
emitted from the source. Prohibits masking GW-6, SS-2, 0
or concealing prohibited emissions. SS-3, SS0,
Requires measures to prevent fugitive dust SS-5, SS46,
from becoming airborne. SS-7, SS-8,

SS-9, SS-10, 
SS-11

Emission Standards WAC 173-400-050 A Restricts operation of incinerators to Applicable if incineration is part of the SW-9, SW-10,
for Combustion and daylight hours unless otherwise authorized. remedial action. SS-10, SS-11
Incineration

Emission Limits for WAC 173-480 Control, air emissions of radionuclides Applicable to remedial activities that
Radionuclides from specific sources. result in air emissions.

New and Modified WAC 173480-060 A Requires the beat available radionuclide Applicable to remedial actions that result SW-4, SW-5,
Emission Units control technology be utilized in planning in air emissions. SW-6, SW-9,

construrting, installating, or establishing a SW-10,
new emission unit. OW-3, GW-4, o

GW-S, GW-6, Ot
SS-4, SS-5,
Ss4, SS-7,
SS-9, SS-10,
SS-l1
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Alternatives

A/ Potentially

Description Citation R&AM Requirements Remarks Affected

Washington Clean Air Act RCW 70.94

Controls for New Sources WAC 173-460 Establishes systematic control of new

of Toxic Air Pollutants sources emitting toxic air pollutants.

Demonstrating WAC 173-460-080 A Requires the owner or operator of a new Applicable to remedial alternative with SW-4, SW-5,

Ambient Impact source to complete an acceptable source the potential to release toxic air SW-6, SW-9,

Compliance . impact level analysis using dispersion pollutants. SW-10,
modeling to estimate maximum incremental GW-3, GW-4, I
ambient impact of each Class A or B toxic GW-5, GW-6,

air pollutant. Establishes numerical limits SS-4, SS-5,
for small quantity emission rates. SS-6SS-7,

SS-9, SS-10, -
SS-Il

llazardous Waste Management 70.105 RCW Establishes a statewide framework for the

Act of 1976 as amended in 1980 planning, regulation, control, and 0
and 1983' management of hazardous waste.

Dangerous Waste WAC 173-303 Establishes the design, operation, and Includes requirements for genentora of s

Regulations monitoring requirements for management of dangerous waste. Dangerous waste to
hazardous waste. includes the full universe of wastes

regulated by WAC 173-303 including
extremely hazardous waste.

Siting WAC 173-303-282 A Prohibits location of a dangerous waste Exceeds requirements of 40 CFR SW-5, SW-6,

Criteria mangement facility within a 100-year 1264.18. SW-9, SW-10,
floodplain or a land-based facility within a GW-5, GW-6,
500-year floodplain. Prohibits locating SS-4, SS-5,
facilities within 500 feet of a fault with SS-6, SS-10,
displacement during the Holocene. SS-11
Establishes further siting criteria that
supplement federal requirements.

'The HazardousWaste Management Act and regulations pursuant to the Act provide the statutory and regulatory basis for state authorizationto implementRCRA. State ofWashingtontgulations

that are equivalent to RCRA regulaticns.are cited in brackets in the federal ARARs. The WAC 173-303 regulations cited in this section are those judged to be more stringent than RCRA regulations.



Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Incinerators WAC 173-303-670 A Requires incinerators burning dangerous Exceeds requirements in 40 CFR SW-9, SW-10,
waste to destroy designated byproducts so 264.343. SS-10, SS-1 1
that the total mass emission rate of the
byproducts is no more than .01 percent of
the total mass feed rate of principal organic
dangerous constituents fed into the
incinerator.

Model Toxks Control Ad 70.105D RCW Authorizes the state to investigate releases
of hazardous substances, conduct remedial
actions, carry out state programs authorized
by federal cleanup laws, and take other D
actions.

Hazardous Waste Cleanup WAC 173-340 Addresses releases of hazardous substances Applicable to facilities where hazardous
Regulations caused by past activities, and potential and substances have been released, or there

ongoing releases from current activities. is a threatened release that may pose a 0
WD threat to human health or the

environment.

Selection of Cleanup WAC 173-340-360 R&A Establishes cleanup requiremnents to include All
Actions in cleanupplans. Identifies technologies to

be considered for remediation of hazardous
substances.

Cleanup Actions WAC 173-340-400 R&A Ensums that the cleanup action is designed, All
constructed, and operated in accordance
with the cleanup plan and other specified
requirements.

Institutional Controls WAC 173-340440 R&A Requires physical measures such as fences SW-2, SW-3,
and signs to limit interference with cleanup, SW-4, SW-5,
and legal and administrative mechanisms to SW-6, SW-7,
enforce them. SW-s, SW-9, 0

SW-10,
GW-2, GW-3,
GW-4, GW-5,
GW-6, SS-2,
SS-3, SS4,
SS-5, SS-6,
SS-7, 38-8,
SS-9, -10,
SS-11



Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Releases from WAC 173-340-450 A Requires interim actions to be performed These requirements supplement those in SW-3, SW-4,
Underground Storage within 20 days of confirmation of a UST WAC 173-360. SW-5, SW-6,
Tanks release. SW-7, SW-R, to

SW-9, SW-10,
GW-3, GW-4,
GW-5, GW-6, W
SS-3,SS-4,
SS-5, SS-6,
SS-7, SS-8, 0
SS-9, SS-C, CD
SS-11

Regulation of Public 90.44 RCW R&A Sets requirements for withdrawal and Applicable if remediation includes GW-3, GW-5,
Groundwater management of state groundwater. groundwaterwithdrawal. GW-6

Solid Waste Manageenwt Act 70-95 RCW Establishes a statewide program for solid Applicable if management of solid waste
waste handling, recovery, and/or recycling. occurs during remediation. Solid waste e

controlled by this Act includes garbage, -

industrial waste, constmction waste,
ashes, and swill.

Minimum Functional WAC 173-304 Establishes requirements to be met
Standards for Solid Waste statewide for the handling of all solid -*
Handling waste.

On-site WAC 173-304-200 R&A Sets requirements for containers and All
Containerized vehicles to be used on site; requires
Storage, Collection, monthly inspections and retention of
and Transportation inspection records for at least two years.
Standards

00



Alternatives
At Potentially

Description Citation R&A* Requirements Remarks Affected

Solid Waste Incinerator WAC 173-434 Establishes emissions standards, design
Facilities requirements, and performance standards

for solid waste incinerator facilities W

Emissions Standards WAC 173-434-130 A Limits particulate emissions from each Applicable to remedial actions involving SW-9, SW-10,
stack to <0.046 gldry rn for systems incineration. SS-10, SS-1I t

greater than 250 ton/day and <0.069 g/dry
m' for systems under 250 ton/day. Limits
both hydrogen chloride and sulfur dioxide
to less than 50 ppm each per stack. Visual
opacity shall not exceed 5% average for
more than 6 minutes in 60 minutes. Limits

transnissometer opacity to 10% and
requires reseable precautions to limit

fugitive emissions.

Underground Storage Tanks Act 90.76 RCW Establishes an administrative and Applicable if USTs are or will be
enforcement program for underground associated with remedial activities.

W storage tanks (UST).

Underground Storage Tank WAC 173-360 Sets implementing requirements for Not applicable to UST systems holding

Regulations underground storage tanks. hazardous waste, subject to Subtitle C of
the Federal Solid Waste Disposal Act,
or a UST system that contains a de
minimis concentration of regulated
substances. See WAC 173-340 for
additional requirements.

Release Detection for WAC 173-360-34 A Requires all methods of release detection Exceeds requirements in 40 CFR SW-3, SW-4,
Tanks used after December 22, 1990, except for §280.43 SW-5, SW-6, 9

methods in place prior to that date, to be SW-7, SW-8, 0
capable of detecting a leak rate or quantity SW-9, SW-10, M
with a probability of detection of 0.95, and GW-3, GW-4, to
a probability of a false alarm of 0.05. GW-5, GW-6, a

SS-3, SS4,
SS-5, SS-6,
SS-7, SS-8,
SS-9, SS-10,
SS-11



Altematives
At Posentidily

Description Citation R&A* Requirements Remarks Affected

Release Detection for WAC 173-360-350 A Requires all methods of release detection Exceeds requirements in 40 CFR SW-3, SW-4,
Piping used after December 22, 1990, except for 1280.44. SW-5, SW-6,

methods in place prior to that date, to be SW-7, SW-8, to
capable of detecting a leak rate or quantity SW-9, SW-10,
with a probability of detection of 0.95, and GW-3, GW-4,

a probability of a false alarm of 0.05. GW-5, GW-6,
SS-3, SS-4,
SS-5, SS-6,
SS-7, SS-8, a
SS-9, SS-10,
SS-11

Release Investigation WAC 173-360-370 A Requires leak-testing of any tanks and Exceeds requirements in 40 CFR SW-3, SW-4,
piping that may or may not be in use but §280.52. SW-5, SW-6,
are connected to a UST system that SW-7, SW-8,
routinely contains a regulated substance. SW-9, SW-10, CD

GW-3, GW-4, 0
GW-5, GW-6, -

SS-3, SS-4,
SS-5, SS-6,
SS-7, SS-8,d t
SS-9, ss-10,
SS-11

Temporary Closure WAC 173-360-380 A Any UST system temporarily closed for Exceeds requirementas of 40 CFR SW-3, SW-4,

of UST Systems three months or more must be tightness- §280.70. SW-5, SW-6,

tested prior to being put back in service. SW-7, SW-B,
SW-9, SW-10,
GW-3, GW-4,
GW-5, GW-6,
SS-3, SS-4, 0
SS-5, SS-6,
SS-7, SS-8,
SS-9, SS-10,
SS-11 W



*A
Alternatives

A/ Potentially

Description Citation R&A* Requiremebts Remarks Affected

Permanent Closure WAC 173-360-385 A Permanent closure m st be completed Exceeds requirements of 40 CFR SW-3, SW-4,
within 60 days after expiration of the 30- 1280.71. SW-5, SW-6,
day notification of closure. If the tank SW-7, SW-8, t
system is permanently closed, piping must SW-9, SW-10,
be removed or capped. GW-3, OW-4,

GW-5, GW-6,
SS-3,SS-4,
SS-5, SS-6,
SS-7, SS-8,
SS-9, SS-10,
SS-1l

Water Polution Control Act 90.48 RCW Prohibits discharge of poltuting matter in
waters.

Underground Injection WAC 173-218 A Establishes permitting requirements for Federal Criteria and Standards for the GW-5

Control Program injection of fluids through wells. Prohibits Underground Injection Control Program 0
WD injection of any dangerous or radioactive (40 CFR 146) are reserved at this time.

waste fluids. Prohibits injection of 0

industrial or commercial waste fluids
beneath the lowermost formation
containing, within 1/4 mile of the well, an
underground source of drinking water.

n
State Waste Discharge WAC 173-216 Implements a state permit program,
Permit Program applicable to the discharge of waste

materials from industrial, commercial, and
municipal operations into the ground and
surface waters of the state. Excludes
discharges under NPDES and underground
injection control programs.

Permit Terms and WAC 173-216-110 R&A Requires the use of all known, available, SW-4, SW-5, -.1
Conditions and reasonable methods of prevention, SW-6, SW-7, o

control, and treatment. SW-4, SW-9,
SW-10,
GW-5, OW-6,
SS-4, SS-5,
SS-6, SS-10,
88-11



Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Water Well Consraction Act 19.104 RCW

Standards for WAC 173-160 A Establishes minimum standards for design, Applicable if water supply wells, SW-2, SW-3,
Construction and construction, capping, and scaling of all monitoring wells, or other wells are SW-7, SW-B, Cr
Maintenance of wells; sets additional requirements utilized during remediation. GW-2, GW-3, 9
Wells including disinfection of equipment, GW-4, GW-5, O

abandonment of wells, and quality of GW-6, SS-2, M
drilling water. SS-3, SS-7,

SS-8, SS-9

-NOTE: A = Applicable, R&A - Relevant and Appropriate

C)
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Alternatives
Potentially

Citation Requirements Remarks Affected

Benton-Franklin-Walla Walla General Regulation Establishes a regional program of air pollution These county regulations are authorized by
Counties Air Pollution Control 90-7 prevention and control. the state Clean Air Act.
Authority

Monitoring and Section 400-120 Monitoring of any source may be required. All
Special Reporting

Residual Radioactive Material as U.S. NRC Sets contamination guidelines for release of All
Surface Contaminalion Regulatory Guide equipment and building components for

1.86 unrestricted use, and if buildings are demolished,
shall not be exceeded for contamination in the
ground.

U.S. Department of Energy
Orders

Radiation Protection of the DOE 5400.5 Establishes standards and requirements for All
Public and the Environment operations of DOE and DOE contractors

respecting protection of the public and the
environment against undue risk of radiation.

Discharge of Treatment DOE 5400.xy Treatment systems shall be designed to allow Required of all DOE-controlled facilities SW-9, SW-10,
System Effluent operators to detect and quantify unplanned where radionuclides might be released as a GW-4, GW-5,

releases of radionuclides, consistent with the consequence of an unplanned event. GW-6, SS-7,
potential for off-property impact. SS-8, SS-9,

SS-10, SS-1I

Radiation Protection for DOE 5480.11 Establishes radiation protection standards and All
Occupational Workers Section 9a program requirements to protect workers from

ionizing radiation.

Safety Requirements for the DOE 5480.3 Establishes requirements for packaging and SWA, SW-5,
Packaging of Fissile and Sections 7 and 8 transportation of radioactive materials for DOE SW-6, SW-9,
Other Radioactive Materials facilities SW-10, SS4,

SS-5,SS-6,
SS-10, SS-lI

80
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Alternatives
Potentially

Description Citation Requirements Remarks Affected

Radioactive Waste DOE 5820.2A Establishes policies and guidelines by which DOE Ali
Management Chapters III and manages radioactive waste, waste by-products,

IV and radioactive contaminated surplus facilities.
Disposal shall be on the site at which it was
generated, if practical, or at another DOE facility.
DOE waste containing byproduct material shall be
stored, stabilized in place, and/or disposed of
consistent with the requiretnents of the residual
radioactive material guidelines contained in 40
CFR 192.

00
Department of Ecology liquid DE 91NM-177 Requires discharges of liquid effluent to the soil SW-9, SW-10,
Effluewt Consent Order column to be eliminated, treated, or otherwise GW-3, GW-5,

rainimized. GW46, SS-10,
&S-11

800



Description Citation A/ Requirements - Remarks Alternatives
R&A* Potentially

Affected

Archaeological and Historial 16 U.S.C. 469 A Requires action to recover and preserve Applicable when remedial action threatens SW-2, SW-3, -]
Preservation Act of 1974 artifacts in areas where activity may cause significant scientific, prehistorical, historical, SW4, SW-5,

irreparable hanm, loss, or destruction of or archeological data. SW-6, SW-7,
significant artifacts. SW-8, SW-9,

SW-10, GW-2, NO
GW-3, GW-4,
GW-5, GW-6,
SS-2,SS-3, 01
SS-4, SS-5,
SS-6 SS-7,
SS-8, SS-9,
SS-10, SS-11 1

Endangered Species Act of 1973 16 U.S.C. 1531 ct Prohibits federal agencies from
seq. jeopardizing threatened or endangered

species or adversely modifying habitats
essential to their survival.

Fish and Wildlife Services 50 CFR Parts 17, A Requires identification of activities that Requires consultation with the Fish and All
List of Endangered and 222, 225,226,227, may affect listed species. Actions most Wildlife Service to determine if threatened or
Threatened Wildlife and Plants 402, 424 not threaten the continued existence of a endangered species could be impacted by

listed species or destroy critical habitat. activity.

Historic Sites, Buildings, and 16 U.S.C. 461 A Establishes requirements for preservation SW-2, SW-3,
Antiquities Act of historic sites, buildings, or objects of SW-4, SW-5,

national significance. Undesirable SW-6, SW-7,
impacts to such resources must be SW-8, SW-9,
mitigated. SW-10, GW-2,

GW-3, GW4,
GW-5, GW-6,
'5-2, SS-3,
SS4, -5,:
S", SS-7,
SS-8, SS-9,
SS-10, SS-1i



- Description Citation A/ Requirements Remarks Alternatives
R&A* Potentially

Affected

National Historic Preseration Act 16 U.S.C. 470 et A Prohibits impacts on cultural resources. Applicable to properties listed in the National SW-2, SW-3, 4
of 1966, as amended. seq. Where impacts are unavoidable, requires Register of Historic Places, or eligible for SW-4, SW-S,

impact mitigation through design and data such listing. SW-6, SW-7,
recovery. SW-8, SW-9,

SW-10, GW-2,
GW-3, GW-4,

GW-5, GW-6,
SS-2, SS-3,
SSA, SS-5,
SS-6,SS-7,
SS-I, SS-9,
SS-10, SS-11

Solid Waste Disposal Act, as 42 U.S.C. 6901 et Establishes the basic framework for
amended by the Resource weq. federal regulation of solid and hazardous
Conservation and Recovery Act waste.
(RCRA)

Criteria for Classification of 40 CFR 257 Sets criteria for determining which solid
Solid Waste Disposal waste disposal facilities and practices pose
Facilities and Practices a reasonable probability of adverse effects

on health or the environment. V)

Floodplains 40 CFR §257.3-1 A Prohibits facilities or practices in SW-3, SW-4,
floodplains from restricting the flow of SW-5, SW-6,
the base flood, reducing the temporary SW-7, SW-S,
water storage capacity of the floodplain, SW-9, SW-10,
or causing washout of solid waste, so as GW-5, GW-6,
to pose a hazard to human life, wildlife, SS-3, SS-4,
or land or water resources. SS-5, SS-6,

SS-10, SS-1I

Endangered Species 40 CFR 1257.3-2 A Prohibits facilities or practices from All
causing or contributing to the taking of
any endangered or threatened species of
plants, fish, or wildlife. Prohibits
destruction or adverse modification of
habitat of endangered or threatened
species.



zW I k.

Description Citation A/ Requirements Remarks Alternatives
R&A+ Potentially

Affected

Hazardous Waste Treatment, 40 CFR Part 264 Establishes standards for management of Applicable to owners and operators of all
Storage, and Disposal hazardous waste. hazardous want facilities.

Location Standards 40 CfR 1264.18 A Prohibits new TSD facilities from being SW-4, SW-5,
located within 61 meters (200 feet) of a SW-6, SW-9,

fault displaced during the Holocene. SW-10, GW-5,
Requires a facility located in a 100-year GW-6, SS-4,
floodplain to be designed, constructed, SS-5, SS-6,
operated, and maintained to prevent - SS-10, SS-11
washout or release of any hazardous waste

by a IC-year flood.

Wild and Scan Rivers Act 16 U.S.C 1271 A Prohibits federal agencies from The Hanford Reach of the Columbia River is SW-3, SW-4,
recommending authorization of any water under study for inclusion as a wild and scenic SW-5, SW-6,

resource project that would have a direct river. SW-7, SW-8,

and adverse effect on the values for which SW-9, SW-10,
a river was designated as a wild and GW-3, GW-A,
scenic river or included as a study am. GW-5, GW-6,

SS-3, SS-4,
SS-5, S"4,
SS-7, SS-8,
SS-9, SS-10,
8S-11

*NOTE: A = Applicable, R&A = Relevant and Appropriate

0



Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Solid Waste Managnent Act 70.95 RCW

Minimum Functional WAC 173-304 Establishes functional performance
Standards for Solid Waste standards for solid wastes
Handling

Locational Standards for WAC 173-304-130 A Prohibits facilities from being located SW-4, SW-5,Disposal Sites on a holocene fault, in subsidence SW-6, SW-9,
areas, on unstable slopes, adjacent to SW-1;,
geological features which could Gw-5, GW-6
compromise the structural integrity of SS-4,SS-5,
the facility, or in areas designated by SS-6, SS-10,
the U.S. Fish and Game as critical SS-11
habitat. Requires that the otnom of
the lowest liner be at least 10 ft above
the season high of the groundwater in
the uppermost aquifer. Requires that
the facility be no closer than 1000 ft to
a downgradient drinking water well and
no closer than 200 ft to surface water

labitat Buffer Zone for Bald RCW 77.12.655
Eagle Rules

Bald Eagle Protection Rules WAC 232-12-292 A Prescribes action to protect bald eagle Applicable if the areas of remedial All
habitat, such as nesting or roost sites, activities includes bald eagle habitat.
through the development of a site
management plan.

Regulating the Taking or RCW 77.12.040
Possessing of Came

Endangered, Threatened, or WAC 232-12-297 A Prescribes action to protect wildlife Applicable if wildlife classified as All
Sensitive Wildlife Species classified as endangered, threatened, or endangered, threatened, or sensitive are
Classification sensitive, through development of a site present in areas impacted by remedial

management plan. activities.

*NOTE: A = Applicable, R&A = Relevant and Appropriate



Alternatives
Potentially

Citation Requirements Remarks Affected

FloodplainuiWetlands 10 CFR Pat 1022 Requires federal agencies to avoid, to the extent Pertinent if remedial activities take place in All
Environmunnal Review possible, adverse effects associated with die a floodplain or wetlands.

development of a floodplain or the destruction or
loss of wetlands.

Protection and Enhancement Executive Order Provides direction to federal agencies to preserve, Pertains to sites, structures, and objects of All
of the Cultural Environment 11593 restore, and maintain cultural resources. historical, archeological, or architectural

significance.

Hanford Reach Study Act P.L. 100-605 Provides for a comprehensive river conservation This law was enacted November 4, 1988. SW-3, SW-4,
study. Prohibits the construction of any dam, SW-5, SW-6, Cr
channel, or navigation project by a federal agency SW-7, SW-8,
for 8 years after enactment. New federal and SW-9, SW-10,
non-federal projects and activities are required, to GW-3, GW-4,
the extent practicable, to minimize direct and GW-5, GW-6,
adverse effects on the values for which the river is SS-3, SS-4,
under study and to utilize existing structures. SS-5, SS-6,

SS-7, SS-8,
SS-9, SS-10,

SS-11
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APPENDIX C

DESCRIPTIONS OF SOLID WASTE, GROUNDWATER, AND SOILS/
RIVERBANK SEDIMENTS REMEDIATION TECHNOLOGIES

The information in this Appendix includes descriptions of technologies which are
potentially applicable for remediation of the Hanford 100 Area solid waste, groundwater,
and soils/riverbank sediments. In accordance with CERCLA FS guidance, a broad range
of technologies representing relatively simple responses, such as institutional actions, to
more complex remediation approaches involving treatment is discussed.

The technology descriptions contain five general sections:

* Applicability (potential): The media or type of contamination which may
be remediated by the specific technology.

* General Description: A brief discussion of technical characteristics.

* Implementability: Discussion and qualitative rating pertaining to both
technical and institutional implementability of the technology.

* Effectiveness: A brief overview of the type of waste for which the
technology is intended and a qualitative rating of its effectiveness in
providing a remediation for this type of waste.

* Cost: Cost of the technology on a low, moderate, high, or very high scale.
Cost is relative to other process option costs within the same technology
group.

Tables 1, 2, and 3 present the technologies and process options which were
analyzed in this feasibility study.

The order of presentation for technology descriptions in this Appendix coincides
with the screening discussions in Chapter 4.0. The technologies are organized initially by
applicable media and subsequently by general response action. The grouping of
technologies is best illustrated by referring to Figures 4-1 through 4-6 which illustrate
technology screening graphically.
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1.0 SOLID WASTE TECHNOLOGY DESCRIPTIONS

1.1 ACCESS RESTRICTIONS

Two methods of access restriction are discussed below:

* fencing
* deed restrictions.

1.1.1 Fencing

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. Fencing is the construction of a physical barrier around a
contaminated area with the intention of limiting access to the area (Merritt 1983). Note
that monitoring of the site is also necessary if this option is used.

Implementability. Fencing is commonly used for limiting access to restricted
areas such as private properties (Merritt 1983). Fencing would be easily implementable
at the Hanford 100 Area operable units containing contaminated soil, riverbank
sediments, and solid wastes.

Effectiveness. Fencing has limited effectiveness in preventing access to
contaminated areas. A fence cannot prevent animals or humans from entering restricted
areas, but does provide a barrier that would have to be crossed to gain access to an area.

Cost. The costs for erecting fences and monitoring a site in and around the
Hanford 100 Area are low due to the relatively low cost of materials and the ease of
installation.

1.1.2 Deed Restrictions

Applicability. All Media

General Description. Deed restrictions specify acceptable land uses and may take
several forms, such as providing covenants against activities that may bring humans in
contact with contaminants. Deed restrictions may include: provisions that prevent the
use of groundwater (e.g., water right restrictions); requirements for approval of
excavations beyond a specified depth; or limitations on land use by prohibiting activities
such as grazing and farming.

Implementability. Implementation of deed restrictions requires only
administrative resources and visual monitoring to ensure that covenants are being
obeyed. Deed restrictions are therefore considered to be easily implementable.

C-10



DOE\RL-92-11
Draft B

Effectiveness. Deed restrictions may be effective in preventing short-term human
contact with contaminated areas; however, the long-term effectiveness of deed
restrictions is uncertain. In general, deed restrictions are considered to have limited
effectiveness.

Cost. Deed restrictions involve only administrative resources in combination with
visual monitoring and are considered to be low-cost methods for preventing human
contact with contaminated regions of the Hanford 100 Area.

1.2 MONITORING

1.2.1 Leachate Monitoring

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. A leachate collection and removal system is required by the
Resource Conservation and Recovery Act (RCRA) for all hazardous waste landfills. The
collection and removal system could also be used to collect samples of leachate for
monitoring purposes. Use of this approach avoids the use of more intrusive methods of
monitoring contaminant migration from soil or solid waste disposal sites. The system
consists of perforated pipe networks backfilled with gravel. The pipe network is sloped
toward collection points located away from the contaminated media of concern. Other
leachate detection systems besides the RCRA system may be used on a limited basis to
indicate migration of contamination from solid waste burial sites.

Implementability. Leachate monitoring is a well developed technology and is
considered to be easily implementable for new waste burial sites. However, a monitoring
system for existing sites may be difficult or impossible to install without excavating
through contaminated materials. In addition, evapotranspiration prevents formation of
any significant quantity of leachate, thereby eliminating the need for leachate monitoring.
Leachate monitoring is considered difficult to implement at existing contaminated areas
such as solid waste burial sites.

Effectiveness. Leachate monitoring is considered to be an effective method for
determining if contaminants are being mobilized in a leachate form if the system can be
installed directly beneath a contaminated site. However, due to the difficulty of
installing leachate monitoring systems beneath existing contaminated sites, the technology
is ineffective for such cases.

Cost. The cost of installing leachate monitoring systems beneath existing
contaminated sites within the 100 Area is judged to be high. Excavation through
contaminated areas would require significant safety measures to protect workers and
containment and packaging of any contaminated materials that are removed would be
necessary. These requirements would increase both the cost and the time required for
installing the system.
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1.3 CAPPING

Capping involves the installation of a barrier over the surface of the contaminated
area to control erosion and prevent contact between infiltrating precipitation and
contaminated wastes. Capping is an applicable technology for the non-removal general
response actions and has been used in combination with other technologies. The
following capping techniques are discussed below:

* asphalt-based covers
* concrete-based covers
* soil/clay-based covers
* RCRA multi-media caps
* Hanford barriers
0 synthetic covers
0 vitrification.

1.3.1 Asphalt-Based Covers

Applicability. All Media.

General Description. Asphalt caps are single-layered caps composed of
bituminous asphalt. The thickness of the cap is dependent on design parameters that
consider settling and weathering effects. The cap must be sloped for runoff in order to
minimize infiltration into the contaminated zone. Surface treatments are often required
during the long-term maintenance of asphalt-based caps in order to provide a lasting
seal.

Implementability. The technology required for asphalt cap construction is

commercially available (Merritt 1983). No specialized equipment is required and
bituminous asphalt is a common construction material. However, in comparison to
certain other capping techniques that employ naturally occurring materials, asphalt-based
caps are considered to be moderately implementable. Asphalt-based caps are only
implementable for localized areas and are not considered practical on a sitewide basis.

Effectiveness. Asphalt caps are considered an effective means of providing short-
term, single-layer containment for vertical migration in contaminated areas. Asphalt-
based caps are not effective in reducing lateral migration of contaminants in groundwater
without the use of vertical barriers. Periodic maintenance of an asphalt cap is required
to reduce the effects of weathering and cracking. The plastic properties of asphalt may
be engineered to provide protection from subsidence. Overall, asphalt caps are
considered to have limited effectiveness due to inadequate long-term performance.

Cost. The costs associated with the construction of an asphalt cap are high
relative to other capping techniques. Although materials and equipment are inexpensive,
periodic maintenance that would be essential throughout the life of the cap increases the
total cost.
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1.3.2 Concrete-Based Covers

Applicability. All Media.

General Description. Concrete caps are single-layered caps consisting of
aggregate and cementitious material mixtures. Similar to asphalt covers, concrete caps
must also be designed with adequate strength to resist collapse should subsidence occur,
and must be sloped to promote drainage of infiltrating precipitation and surface water.
These caps also require periodic maintenance to extend the life of the cover.

Implementability. The materials required to construct a concrete cap are locally
available. Construction equipment may be used for concrete mixing and placement.
Concrete caps are considered moderately implementable in comparison to other capping
techniques due to the requirement of cementitious materials and installation equipment.

Effectiveness. Concrete caps are effective in maintaining a short-term barrier
against precipitation and surface water intrusion into a contaminated area. However,
they are susceptible to cracking, subsidence, and weathering over the long term. Thus,
concrete caps are considered to have limited effectiveness.

Cost. The cost of implementing concrete caps at the Hanford 100 Area is judged
to be high relative to other capping techniques. Although materials and equipment are
relatively inexpensive, periodic maintenance will increase life cycle costs.

1.3.3 Soil/Clay Covers

Applicability. All Media.

General Description. Clay and soil caps are constructed by spreading soil/clay
admixes over the contaminated area then compacting the soil/clay layer to achieve a
specified permeability. The specified permeability of the compacted soil/clay layer is
lower than that of the underlying soils. To achieve the design permeability, the soil/clay
admixture may be modified with bentonite, lime, cement, or other material. The amount
of the added material is determined through analysis of soil characteristics, compaction
studies, and permeability tests. Soil/clay covers are usually not acceptable as a surface
barrier due to uncertainties associated with long-term performance and the need for
routine maintenance throughout the life of the cap.

Implementability. Soil/clay covers are considered to be easily implementable.
General construction equipment may be used to place and compact the soil/clay mixture.
Commercially available clay materials such as bentonite and soils from the site can be
used to build the cap.

Effectiveness. Soil/clay covers may be used as interim measures for short-term
protection and would be effective in temporarily inhibiting the inflow of surface water to
a contaminated area. Soil/clay covers are not effective in reducing lateral groundwater
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flow and contaminant mobility unless a vertical barrier is used in conjunction with the
cover. The long-term effectiveness of a soil/clay cover is limited because of its
susceptibility to weathering and breaching by burrowing animals and vegetation. Clay-
based covers are considered unsuitable for use as an impermeable barrier in the arid
environment of the Hanford Site due to drying and subsequent cracking (Anderson et al.,
1991). Therefore, the overall effectiveness of soil/clay caps is limited.

Cost. Costs associated with the construction of a soil/clay cap are low relative to
other caps. Clay material and construction equipment are both readily available and
inexpensive. As is the case with other caps, periodic maintenance increases life cycle
costs.

1.3.4 RCRA Multi-Media Caps

Applicability. All Media.

General Description. A RCRA multi-media cover refers to a three-layer cap
system recommended by EPA guidance under RCRA. The RCRA multi-media cap is
often referred to as a "RCRA cap." The cap consists of an upper vegetation layer, a
drainage layer, and a low permeability layer. Infiltrating liquids are diverted away from
the underlying waste materials through the drainage layer. The vegetation layer is
usually a grass layer which binds the drainage layer and provides a "self-healing" effect to
minimize the impact of cracking and weathering. Sand is a common ingredient for the
drainage layer followed by fine grain soil and clay admixes for the low permeability layer.
Synthetic materials are also used for the low permeability layer and are recommended
for use in combination with a natural admix of low permeability material.

Implementability. RCRA multi-media cap construction is a well developed
technology and commonly used to cover nonradioactive hazardous waste disposal sites.
RCRA multi-media caps consist primarily of natural materials that may be present on
site. Application of a RCRA multi-media cap is readily implementable. However, if
synthetic materials are used in the low permeability layer, specialized installation
methods are necessary (see synthetic covers).

Effectiveness. The combined effects of low permeability, drainage, and a
vegetation layer provide a highly impenetrable barrier that is weather resistant and
impervious to freeze/thaw and shrink/swell cycles. The drainage layer is effective in
removing standing water from the surface of the cap, thereby preventing infiltration. A
RCRA multi-media cap is considered effective for reducing surface water infiltration
through contaminated zones. However, RCRA multi-media caps are not effective for
preventing lateral migration of contaminated groundwater. The long-term performance
of RCRA multi-media caps is uncertain. Thus, RCRA multi-media caps are considered
moderately effective.

Cost. In comparison with other capping technologies, RCRA multi-media cap
costs are expected to be low due to the predominant use of natural materials that are
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available on site. Installation costs may be higher than concrete or asphalt due to
construction techniques. However, should a synthetic layer be used, costs will increase.

1.3.5 Hanford Barrier

Applicability. All Media.

General Description. The Hanford Barrier is an innovative concept currently
being developed for use at the Hanford Site. The barrier is constructed of natural
materials and consists of a soil layer overlying other layers of relatively coarse material
such as sand, gravel, and riprap. The soil layer stores moisture until evaporation and
transpiration recycle it back to the atmosphere. Soil also provides a place to grow plants
that are necessary for preventing erosion. The coarse materials placed below the soil
layer create a capillary break. This break inhibits downward percolation of water
through the barrier. The coarse materials also act as deterrents to burrowing animals,
deep-rooting plants, and potential human intruders. Low-permeability layers, placed in
the barrier profile below the capillary break, are also being considered for use. Low
permeability layers provide two benefits: any percolating moisture that passes through
the capillary break is diverted away from the waste and the upward migration of gases
from the waste is also minimized. Solution grouts are being evaluated for use as a
construction aid and to provide additional structural stability to the barrier. The goals of
the barrier design are to:

* Function in an arid to semiarid climate.

* Limit the infiltration and percolation of water through the waste zone to
near-zero rates; the performance objective is 1.6 x 10 cm/sec, which is
about two orders of magnitude lower than the RCRA cap infiltration
objective of 1.0 x 10' cm/sec.

* Eliminate the necessity for maintenance (assuming loss of institutional
control 100 years after disposal of the wastes).

* Provide waste isolation for a minimum of 1,000 years with a potential life
of up to 10,000 years.

Implementability. The technology and materials required for barrier construction
are readily available on site. Therefore, no specialized equipment or materials are
required. The Hanford Barrier is considered to be moderately implementable relative to
other caps due to method of construction and the need to establish a vegetative layer.
The Hanford Barrier would be an unconventional method of closure for a land disposal
unit receiving RCRA-regulated wastes and regulatory approval must be obtained. A
RCRA cap must be of equal or less permeability than a bottom liner system (by
regulation); therefore, th'e acceptability of the Hanford Barrier as a RCRA landfill cap
will depend upon the acceptability of an unlined land disposal unit (see Technology
Description of Trenches/Pits).
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Effectiveness. While it has been based on sound design principles, this technology
has not been field tested. This barrier is specifically designed for application at Hanford.
The use of natural materials in construction of a Hanford Barrier eliminates the need for
maintenance and therefore offers a high degree of effectiveness against infiltrating
moisture and surface waters over the long term. However, as with all other caps, the
Hanford Barrier is not effective for preventing lateral migration of contaminated
groundwater.

Cost. The cost of implementing Hanford Barriers at the 100 Area is expected to
be moderate in comparison to other capping technologies. The equipment and natural
materials required for construction are readily available and maintenance is not required.

1.3.6 Synthetic Covers

Applicability. All Media.

General Description. Flexible synthetic membranes (e.g., polyvinyl chloride, high
density polyethylene, and neoprene) have been used as landfill liners and may be used as
caps (Daniel and Estornell 1991). The synthetic barrier cover consists of a synthetic
membrane liner covering a sloped soil base. The synthetic liner is installed in the field
by splicing thin sheets together with the help of adhesives or heat.

Implementability. Sheets of synthetic membranes are commercially available and
are manufactured in a range of thicknesses and widths. They can be reinforced, have
UV protection, and have smooth or roughened surfaces. The method of joining the
sheets (and the verification sampling requirements) are specific to the manufacturer and
the type of liner material employed. Specialized installation methods are required for
cap construction. This technology is considered to be easily implementable.

Effectiveness. Synthetic membrane barriers are effective in preventing surface
water intrusion into contaminated areas for short-term applications (30 year design life)
assuming proper installation. Synthetic membrane caps are not effective for preventing
lateral migration of contaminated groundwater. Maintenance is difficult and
deterioration is likely to require the replacement of the membrane. The chemical and
weather resistance properties of synthetic materials must be evaluated to determine long-
term effectiveness (Daniel and Estornell 1991). The thickness and flexibility of a
synthetic liner are critical to barrier performance.

Cost. Synthetic liners are generally more expensive than other capping materials
and thus material costs are considered to be high. Installation is labor intensive but
large areas may be covered quickly using special field installation methods and sealing
materials. Overall costs are moderate relative to other capping technologies due to
speed of installation.
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1.3.7 Vitrification

Applicability. All Media.

General Description. Refer to the in situ stabilization/solidification technology
descriptions for solid waste for a discussion of this technology. Vitrification for capping
involves the same process as in situ vitrification but not to the depth required for
incorporating contaminants into the melt. The vitrification technique proposed here is
simply used as a cap and is not intended for waste treatment as is the traditional use of
this technology.

Implementability. Cap construction by in situ vitrification is an innovative
concept. Installation of a vitrified cap over contaminated areas is considered not
implementable because formation of a continuous and homogeneous cap of uniform
thickness is not practical.

Effectiveness. Vitrification of soils would form a virtually impenetrable barrier to
vertical migration of either precipitation or surface water. Lateral migration of

contaminated groundwater would not be prevented. Difficulties in creating a continuous
and homogeneous cap of uniform thickness suggest that this technique would have
limited effectiveness for application to solid waste, soils, and riverbank sediments.

Cost. The costs associated with the installation of a vitrified cap are expected to
be comparable to in situ waste vitrification costs. In comparison with other capping
technologies, vitrification costs would likely be extremely high.

1.4 HORIZONTAL BARRIERS

The following types of horizontal barriers are discussed below:

* grout injection
* cryogenic walls
* vitrification.

1.4.1 Grout Injection

Applicability. All Media

General Description. Grout injection provides a barrier to vertical migration of
contaminants by forming an impermeable "floor" of cement-based material beneath a
contaminated zone.

Grout injection uses a jet nozzle to force grout into soils. Boreholes are drilled at
regular intervals through the waste site or around its perimeter to a specified depth
beneath the contaminated zone. Horizontal drilling techniques may be used to form the
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boreholes required for grout injection without disturbing the contaminated site. Grout is
injected through the jet nozzle to form a lateral circular pattern. The nozzle is rotated
to insure that the grout is spread evenly in all directions and the process is repeated at
each drilling location until a uniform "floor" layer is installed.

Block displacement, which is a variation of grout injection, is intended to displace
waste and make it easy to retrieve. A slurry trench is constructed around the
contaminated zone to serve as horizontal containment. Grout injection wells are bored
through the contaminated zone. The injected grout displaces a block of contaminated
soil. (Note: The displacement of blocks in the 100 Area is impossible due to the porosity
of soil. Therefore, this variation has not been evaluated further.)

Implementability. The formation of horizontal barriers by grout injection is an
innovative technology which, although tested, has not been implemented on a large scale.
This technology relies on forced grout injection to form a uniform, continuous layer
beneath a contaminated zone. Formation of this continuous layer is dependent on the
porosity of the soil at the site. The coarseness of Hanford 100 Area soils makes control
of the grout flow path difficult. In addition, the potential for drilling through radioactive
waste in order to install the barrier must be considered. This practice. may not be
consistent with As Low As Reasonably Achievable (ALARA) principles.

Effectiveness. The effectiveness of this barrier is dependent on the formation of a
uniform, continuous grout layer beneath the contaminated zone. The long-term
effectiveness of grout injection has not been determined. Tests in Hanford 100 Area
soils would be required in order to determine the effectiveness of grout injection. The
difficulties involved with controlling flow direction and the formation of a uniform
barrier in highly permeable soils suggests that this technology will have limited
effectiveness for application to solid waste, soils, and sediment. Grout injection is not
considered effective as a horizontal barrier for groundwater at the Hanford 100 Area
due to the existence of natural clay barriers (i.e., Blue Clay of the upper Ringold
Formation).

Cost. Quantitative cost information is not readily available for implementation of
grout injection. However, in comparison to other horizontal barrier technologies, the
cost is expected to be moderate if the process is implementable.

1.4.2 Cryogenic Walls

Applicability. All Media

General Description. A horizontal cryogenic wall may be constructed by freezing
interstitial water within the soil beneath the contaminated zone, forming a barrier to
contaminant migration. Frozen soil is substantially less permeable than unfrozen soil
and possesses more shear strength. The ground is frozen by installing steel pipes
uniformly along a horizontal freeze line. A smaller diameter pipe placed within the steel
pipe is used for coolant circulation. The outer pipe serves as a return line in this closed-
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loop system. The installation of a cryogenic horizontal barrier is similar to the vertical
barrier with the exception that pipes are installed at an angle from the perimeter of the
area to be contained. The pipes are angled to intersect beneath the waste site forming a
continuous barrier to vertical migration.

Implementability. The formation of cryogenic barriers is an innovative
technology. Cryogenic walls are not considered implementable for soils, riverbank
sediments and solid waste sites for two reasons. One, the vadose zone soils of Hanford
do not have sufficient interstitial moisture to form a cryogenic wall, and two, any
addition of mnoisture is considered infeasible due to the potential for contaminant
mobilization. Implementability of cryogenic walls beneath contaminated groundwater is
judged to be difficult.

Effectiveness. The effectiveness of a cryogenic barrier is dependent on the ability
to maintain a continuous frozen barrier around a contaminated zone. The process is
considered ineffective for the same reasons that limit implementability. Furthermore,
maintaining the cryogenic barrier requires continuous circulation of coolant. This
continuous operating requirement for cryogenic walls makes the process ineffective for
long-term containment. A horizontal cryogenic wall is not considered effective as a
horizontal barrier for groundwater due to the existence of natural clay barriers.

Cost The time required for the soil to freeze strongly influences the cost of
constructing a cryogenic barrier. The energy costs for initial freezing is high, but
maintenance of the frozen layer is less energy intensive. Circulation of coolant to
maintain frozen conditions requires continuous energy consumption. Costs to construct
and maintain a cryogenic barrier are very high relative to other horizontal barriers.

1.4.3 Vitrification

Applicability. All Media

General Description. Refer to the in situ stabilization/solidification technology
descriptions for solid waste for a discussion of this technology. The application for
horizontal barriers involves the same process of vitrification, except that the melt zone is
beneath the contaminant source. The vitrification technique proposed here is simply
used as a barrier and is not intended for waste immobilization.

Implementability. The formation of a horizontal barrier by in situ vitrification is
an innovative concept. Installing a horizontal barrier beneath contaminated
groundwater, soils, sediments, or solid waste sites using in situ vitrification requires
electrode placement at depths dependent on the particular site. The maximum
demonstrated melt depth of in situ vitrification is 19 feet (RAAS 1991). The depth of
horizontal barriers required beneath some contaminated zones at the Hanford 100 Area
would be in excess of 30 feet. In situ vitrification technology would require substantial
modification to melt the zone below this level. Thus, application of in situ vitrification
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as a horizontal barrier below contaminated zones is not considered implementable in the
Hanford 100 Area at this time.

Effectiveness. Vitrification of soils would form a virtually impenetrable barrier
against vertical migration of contaminants. However, the ability to form a continuous
vitrified layer with current processes is uncertain. Failure to form a continuous layer
would render the barrier ineffective.

Cost. The costs associated with the installation of a vitrified horizontal barrier
are comparable to the in situ waste treatment technique. In comparison to other
horizontal barrier technologies, vitrification costs would be extremely high.

1.5 VERTICAL BARRIERS

The following types of vertical barriers are discussed below:

* slurry walls
* grout curtains
* sheet pilings
* cryogenic walls
0 biological barriers.

1.5.1 Slurry Walls

Applicability. All Media

General Description. Slurry walls are the most common form of vertical
subsurface barrier. Slurry walls are formed by excavation of a vertical trench using the
slurry as a drilling fluid and to shore the trench to prevent collapse. The slurry reduces
fluid losses into the surrounding soils through formation of a filter cake on the trench
walls. Materials which have been used to construct slurry walls include soil-bentonite
and cement-bentonite mixes.

Implementability. Slurry wall construction is a developed technology. The
controlling factors for construction of a slurry wall include soil characteristics, such as
grain size, uniformity, mineralogy, porosity, and permeability, and depth to the bottom
confining layer. The sediments under the Hanford 100 Area are very coarse-grained and
highly permeable. Installation of a slurry wall in this material would be very difficult due
to the presence of large boulders (up to a few feet in diameter) in the formation. The
physical removal of material of this nature would produce a wall with a highly variable
cross sectional thickness. The depth of the slurry wall will affect the implementability of
this technology. Typically, slurry walls are constructed from 100 to 140 feet deep in
sandy or silty soils. At certain locations in the 100 Area, excavation depths of up to
about 160 feet, in highly variable grain size material, would be required. The
implementability of a standard slurry wall is highly suspect at these depths and under
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these conditions. Also, the coarse-grained nature of the Hanford Formation would result
in significant losses of slurry from the excavation, thereby threatening wall stability
during construction and requiring large slurry volumes with resultant increases in costs.

Effectiveness. Factors affecting performance of slurry walls include soil
characteristics, contaminant compatibility, wall uniformity, and wall strength. The slurry
wall should be of uniform thickness in order to provide a more effective barrier.
Construction of a relatively uniformly thick wall in the riverbank sediments of the
Hanford Formation is suspect, primarily due to the wide range of grain sizes in the
formation material. To provide a core area of uniformity, the width of the slurry wall
would have to be increased to accommodate variations in the wall excavation width.
Soil-bentonite slurry walls are generally considered more effective in reducing
contaminant migration than cement-bentonite slurry walls because of their wider range
of chemical compatibility and lower permeability. The soil-bentonite slurry wall has high
compressibility (low strength) and elasticity which would be a disadvantage if applied at
the Hanford 100 Area. The cement-bentonite slurry would be more effective under
these conditions. For these reasons, slurry walls are judged to be moderately effective in
reducing groundwater flow in unconsolidated materials.

Cost. The cost of installing a slurry wall is dependent on the depth, length, and
composition of the excavation trench. Cement-bentonite slurry wall construction costs
are, on the average, 30 percent higher than those for soil-bentonite slurry walls. The
cost of installing slurry walls at the Hanford 100 Area is considered to be high relative to
other vertical barriers due to the depth of wall required, i.e., the wall must penetrate to
confining layers such as the Blue Clay layer of the Ringold Formation.

1.5.2 Grout Curtains

Applicability. All Media

General Description. Grout curtains are vertical barriers used to reduce or
contain groundwater flow. Grout curtains are formed by pressure injection of grout
through pipes, augers, or beams that are inserted into the ground using a crane and
hammer or a drill rig. The curtain is developed one "post" at a time along the
containment boundary. A secondary line of grout posts are arranged behind the primary
curtain to fill any gaps that may have been left during the first pass.

Implementability. Grout curtains are considered implementable at most sites.
Soil characteristics such as grain size and uniformity will affect implementation of grout
curtains. The presence of very coarse-grained or nonuniform materials in the Hanford
Formation increases uncertainty in the proper positioning of the grout posts during
installation and in the integrity of the grout coverage. Another consideration is the
depth required to contain contaminants; this technology could be used with other
barriers to contain contaminants with more certainty. High permeability soils in the 100
Area would inhibit formation of a grout curtain by reducing the ability to control
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continuity of grout placement. Thus, grout curtains are considered to be moderately
implementable in the 100 Area.

Effectiveness. Grout curtains are not considered as effective in controlling
migration flow as other forms of subsurface barriers. Gaps may form in the curtain as a
result of grout shrinkage during setting. The permeable nature of the soils will require
significant quantities of grout to form a barrier and may also affect the overall
performance of the grout curtain. The difficulties in forming a continuous curtain in the
soils at the Hanford 100 Area suggest that this method would be ineffective as a vertical
barrier.

Cost. The costs associated with the installation of grout curtains are dependent
on the depth and length of the curtain. A significant amount of material would be
required to contain contamination in the 100 Area operable units. Consistent other
cement-based barrier technologies, the cost of grout curtains is considered to be high.

1.5.3 Sheet Pilings

Applicability. All Media

General Description. Sheet pilings are another type of vertical barrier used to
limit lateral flow of groundwater. A sheet piling barrier can be made from an
assortment of materials including wood, precast concrete, or steel. Steel is most
commonly used since wood deteriorates and concrete is bulkier and more costly. The
sheet piling forms a continuous barrier which reduces or eliminates subsurface water
flow. The walls are typically assembled at the surface prior to installation and the piles
are then driven a few feet into the ground over the length of the wall. The process is
repeated until the entire wall is deep enough to contain contamination. Sheets are
usually driven into the ground with either a drop hammer or a vibratory hammer. When
the wall is initially installed, the interlocking posts are quite permeable. However, with
the passage of time, fine silt and sand particles usually fill the void spaces between piles
and the wall becomes impermeable.

Implementability. The applicability of sheet piling is limited to areas where soil
type is conducive to use of the technology. Rocky areas will render installation nearly
impossible by causing damage or deflection of the sheets. For this reason, sheet piling is
not considered implementable at the Hanford 100 Area.

Effectiveness. The difficulty noted above for installing sheet pilings in the rocky
soils of the 100 Area would result in unpredictable wall integrity. Therefore, sheet piling
is considered to be ineffective.

Cost. The costs associated with installing sheet piling barriers are considered high
relative to other vertical barriers due to implementation difficulties caused by the rocky
soils of the Hanford 100 Area.
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1.5.4 Cryogenic Walls

Refer to the discussion presented previously under Horizontal Barriers.

1.5.5 Biological Barriers

Applicability. All Media

General Description. Accumulation of a biomass around nutrient injection wells
during in situ bioremediation is a widely recognized phenomenon. In situ
bioremediation systems are designed to maximize microbial growth and thereby reduce
the local hydraulic conductivity. However, extensive biomass accumulation could be
made useful by establishing an impermeable barrier around a contaminated region.
Conceptually, this barrier could be achieved by continuously introducing high
concentrations of microbial nutrients into wells that surround the contaminated area.
The integrity of the barrier can be maintained as long as nutrients are supplied to the
bacteria. Bacteria indigenous to the Hanford Site may
be used to form a biological barrier. Bacteria possess a surface layer that serves to
aggregate individual microbes into large masses.

Implementability. Implementation of biological barriers has not been
demonstrated. Maintaining a stable biological barrier is difficult. Injection of nutrients
and organisms has potential to mobilize contaminants. Thus, biological barriers are not
considered implementable.

Effectiveness. The technology is at the conceptual stage of development and only
a few laboratory experiments have been completed. The effectiveness of a biological
barrier at Hanford is unknown due to the experimental nature of the technology.

Cost. The cost of implementing and maintaining biological barriers is also
unknown. However, the process is expected to have low capital costs but high operating
costs for nutrient addition.

1.6 RUN-ON/RUNOFF CONTROL

The following methods of run-on/runoff controls are discussed below:

* diversion/collection
* grading
* revegetation.

1.6.1 Diversion/Collection

Applicability. Contaminated soils, riverbank sediments, and solid waste.
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General Description. Surface water diversion and collection are an essential part
of surface water management and may include dams, dikes, berms, channels, waterways,
terraces, benches, chutes, downpipes, seepage ditches, basins, levees, or floodwalls.
Diversion/collection systems are commonly used during site work and can be effective in
preventing the contact between surface runoff and contaminated material. These
techniques can be used as either temporary or permanent measures to control surface
water, to prevent recharge of contaminated zones, and to control erosion.

Implementability. The surface water diversion and collection techniques listed
above are well developed and can be easily implemented.

Effectiveness. Surface water diversion and collection techniques are only
moderately effective in preventing recharge and erosion control and in stabilizing sloped
surfaces. Frequent maintenance is required to maintain effectiveness.

Cost. The construction costs of diversion/collection systems are low, but frequent
maintenance to repair the effects of erosion and removal of settled materials would be
required. The cost of diversion/collection systems is expected to be moderate in
comparison with other run-on/runoff control technologies.

1.6.2 Grading

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. Grading modifies site topography to prevent infiltration and
control erosion (Merritt 1983). This technology is often used in combination with
surface sealing and revegetation.

Implementability. Grading is widely used for erosion control, road building and
repair, and construction site leveling (Merritt 1983). Thus, grading can be easily
implemented.

Effectiveness. Graded surfaces aid in reducing potential leachate formation by
minimizing infiltration and promoting erosion-free drainage of surface run-on/runoff.
Depressions and slumped or badly eroded slopes must be removed or repaired for
grading to be effective. Compared to other run-on/runoff techniques, grading is
considered to have limited effectiveness because it does not divert or collect run-
on/runoff, but is only intended to prevent ponding.

Cost. Frequent maintenance is required on graded surfaces. However, due to the
ease of implementation and minimal resource requirements, the cost of grading is low
relative to other techniques.
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1.6.3 Revegetation

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. Revegetation provides a cover which reduces erosion and
helps in developing a stable surface environment. Revegetation may be applied for both
short-term stabilization, including intermediate covers at waste disposal sites, and long-
term site reclamation.

Implementability. Revegetation is commonly used for site reclamation.
Implementation of a revegetation scheme for run-on/runoff control involves the selection
of suitable plant species, site preparation, and planting. Some irrigation may be required
to establish plants. Revegetation with native plants should be easy to implement at the
Hanford 100 Area.

Effectiveness. Revegetation can effectively stabilize the surface of a disposal site
and prevent erosion. The selection of suitable native plants including grasses, legumes,
shrubs, and possibly trees is critical to the effectiveness of revegetation. Revegetation is
important to the integrity and performance of diversion/collection systems, sedimentation
basins, capping, and grading. The effectiveness of native vegetation to control erosion
and stabilize surface soils is expected to be moderate.

Cost. The cost of establishing a vegetation cover at the Hanford 100 Area is
considered low. Once established, such a cover is not expected to require maintenance.

1.7 REMOVAL

The following removal techniques are discussed below:

* excavation
* demolition.

1.7.1 Excavation

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. Excavation refers to the process of removing contaminated
materials with specially modified construction equipment. Refer to 100 Area Hanford
Past Practice Site Cleanup and Restoration Conceptual Study (WHC 1991e) for a complete
description of a conceptual excavation system.

Implementability. Excavation is a well developed technology commonly used in
the mining and construction industry (Merritt 1983). Excavation equipment is
commercially available with optional equipment for unique applications, for example a
telescopic excavator boom for long-reach (Merritt 1983). Shielding and supplied air
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would be required for excavation equipment to protect workers. The need for
equipment modifications and possibly large mobile dust containment structures makes
excavation a moderately implementable technology for the Hanford 100 Area.

Effectiveness. Excavation would be a highly effective method for removal of solid
waste, soils, and riverbank sediments in the Hanford 100 Area. Standard excavation
equipment such as front end loaders are capable of handling a wide range of materials
including rock, gravel, and bulk materials, such as solid waste, at relatively high
capacities (Merritt 1983). Furthermore, excavation equipment modified to provide
shielding and supplied air will protect workers during operations near radioactive or
hazardous materials.

Cost Excavation equipment and accessories are commercially available. Capital
costs will depend on equipment modifications such as shielding and supplied air required
for worker protection. Maintenance and operating costs are a function of fuel
requirements, operation schedules, and decontamination procedures. Excavation would
be a relatively low cost approach to removal of soils, riverbank sediments, and solid
waste.

1.7.2 Demolition

Applicability. Solid Waste (Large Objects)

General Description. Demolition is a removal process involving on-site size
reduction of large, oversized objects that cannot otherwise be packaged for removal or
transported using standard equipment. Demolition equipment applicable to the Hanford
100 Area include excavator mounted hydraulic hammers, grapples, shears, and concrete
crackers. The particular demolition tool required would depend on the specific waste
form. For example, concrete retention basins would require hydraulic hammers and
concrete crackers for size reduction.

Implementability. Demolition tools are standard equipment used in commercial
demolition. These tools are typically boom-mounted attachments for crawler-type
excavators. Excavators would require modification to provide for operator safety in the
presence of radioactive materials. This technology option is considered moderately
implementable due to the need for equipment modification and the need to conduct
work beneath a mobile containment structure.

Effectiveness. Demolition tools are highly effective in commercial applications
and can be equally effective for demolition operations at the Hanford 100 Area.

Cost. Demolition tools are commercially available and are relatively inexpensive.
The most significant cost for this removal technique would be excavators and safety
modifications. Operation and maintenance costs would be moderate. The overall cost
for demolition is expected to be low.
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1.8 ON-SITE DISPOSAL

The following on-site disposal methods are discussed below:

0 trenches/pits
* vaults
a tumulus
0 RCRA landfills.

1.8.1 Trenches/Pits

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. Pits or trenches are unlined below grade excavations for
waste disposal. This disposal approach, equivalent to past practice waste disposal at
Hanford, is intended to be used in combination with other technologies such as capping
and waste stabilization to avoid contaminant migration.

Implementability. Technically, disposal in trenches or pits would be easily
implementable and has been frequently used in past waste management practices. As
applied to disposal of hazardous or mixed wastes regulated by RCRA, an exemption to
the liner requirements would be needed to implement disposal in trenches or pits
provided that wastes meet the RCRA Land Disposal Restriction treatment requirements
[40 CFR Part 268] or an exemption has been made to allow land disposal.

Effectiveness. Trench or pit disposal of solid wastes can be moderately effective
for isolating contaminants from the accessible environment when used in combination
with other technologies such as the Hanford Barrier or waste treatment.

Cost. The cost of trench/pit disposal of 100 Area wastes is expected to be low.
Construction requires standard earth moving equipment. Trenches and pits require
minimal maintenance and operating resources.

1.8.2 Vaults

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. The greater confinement disposal (GCD) vault is an on-site,
permanent waste disposal facility. The GCD is constructed of reinforced concrete that
provides unlimited disposal duration due to extremely conservative design criteria.
These vaults are designed to accept bulk and/or containerized waste forms that are dry
or solidified. No untreated, wet, or raw waste, or free liquids can be accepted for
disposal in such a vault.
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The GCD vault is designed as a maximum resistance structure with the ability to
withstand earthquakes, tornados, explosions, and rainwater intrusion.

Implementability. Implementability of the GCD vault concept is dependent on
regulatory acceptance. The permanent disposal of hazardous and radioactive waste
requires compliance with the performance criteria outlined in several regulations
including RCRA (mixed waste) and 10 CFR 61 (NRC 1990). The general objective of
these regulations is to ensure that the facility is designed, operated, maintained, and
closed such that the risk of human exposure is minimized. The performance objectives
of 10 CFR 61 are to protect groundwater, protect against inadvertent intrusion, and
include safety provisions for workers during operation. Therefore, disposal in GCD
vaults is considered implementable assuming approval by regulatory agencies. The
discussion concerning land disposal restrictions (see Implementability of Trenches/Pits)
applies to disposal of mixed wastes in vaults also.

Effectiveness. The GCD vault concept isolates waste from groundwater and
prevents human contact. The conservative design criteria provides a high level of
isolation confidence. On-site disposal in GCD vaults is expected to be highly effective
for disposal of Hanford 100 Area waste.

Cost. Construction costs of GCD vaults would be high relative to other disposal
techniques due to conservative design safety features.

1.8.3 Tumulus

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. A tumulus is an above-grade structure for either permanent
or temporary disposal. On-sit6 tumulus disposal refers to mounding over waste that has
been placed on a stable structural pad. A tumulus may be designed to accept solidified,
bulk, or containerized waste forms for disposal.

The structural pad may consist of multiple layers of concrete, geotextile material,
clay, drainage layers of sand, or coarse gravel. The structural pad is also equipped with
a leachate collection/detection system. A tumulus would be closed with a RCRA multi-
media cap (described previously) and high berms around the perimeter.

Implementability. Similar to the GCD vault, the implementability of the tumulus
disposal concept is dependent on regulatory acceptance under the objectives and criteria
defined in 10 CFR 61 (NRC 1990). Assuming approval by regulatory agencies, disposal
within tumulus facilities is considered to be moderately implementable at the Hanford
100 Area. The discussion concerning land disposal restrictions (see Implementability of
Trenches/Pits) applies to disposal of mixed and hazardous wastes in a tumulus also.

Effectiveness. The tumulus disposal concept offers isolation from groundwater,
human contact, and the surface environment. In addition, the concept provides for
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shielding from radiation emissions and allows waste retrieval in the event that improved
disposal techniques become available in the future. On the other hand, the tumulus
disposal concept requires maintenance and monitoring throughout the lifetime of the
facility. Long-term isolation cannot be ensured within tumulus facilities. Therefore, on-
site disposal in tumulus facilities would have limited effectiveness for isolating
radioactive wastes.

Cost. Construction costs for tumulus facilities are expected to be low. The
potential for frequent maintenance is high. Overall, the total cost of tumulus disposal is
judged to be low in comparison to other on site disposal techniques.

1.8.4 RCRA Landfills

Applicability. Hazardous or radioactive contaminated soils, riverbank sediments,
and solid waste.

General Description. A RCRA landfill is an EPA permitted disposal facility for
RCRA-regulated hazardous and mixed wastes. The design and operation of such a
landfill is defined in 40 CFR 264 (EPA 1990a). In general, a RCRA landfill must be
designed to prevent migration of hazardous constituents out of the landfill to adjacent
soils, groundwater, or surface water at any time during the operation and closure period
of the facility. Facility design considerations include a suitable geologic location, liner
system, and a leachate collection and removal system.

Implemnentability. Landfill disposal of nonradioactive hazardous waste is a well
developed technology and commonly practiced in the commercial hazardous waste
disposal industry. Landfill disposal sites for nonradioactive hazardous waste are located
throughout the U.S. A significant permitting effort may be required for EPA approval of
an on-site RCRA landfill. In addition, waste must meet the RCRA land disposal
restriction treatment requirements (40 CFR Part 268) or an exemption must be received
before disposal can occur. In general, implementation of on-site RCRA landfill disposal
is considered moderately implementable.

Effectiveness. On-site disposal of 100 Area nonradioactive hazardous waste in
RCRA landfills is judged to be moderately effective in preventing migration of hazardous
constituents to the accessible environment. This method of disposal is generally accepted
by the EPA and is commonly used in industry.

Cost. The cost of implementing RCRA landfills for on-site disposal of 100 Area
nonradioactive hazardous waste is considered moderate relative to other on-site disposal
options. Design, construction, operation, and maintenance of an on-site RCRA disposal
facility may be based on existing commercial facilities. Specialized designs, equipment,
and operating requirements are not required. However, postclosure monitoring and
leachate collection will be required and will add to the cost of this disposal option.
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1.9 OFF-SITE DISPOSAL

The following off-site disposal methods are discussed below:

* RCRA landfills
* DOE disposal facilities
* geologic repositories.

1.9.1 RCRA Landfills

Applicability. Nonradioactive contaminated soils, riverbank sediments, and solid
waste.

General Description. Hazardous waste landfills are commercially operated off-
site facilities for disposal of hazardous wastes. At the present time, no RCRA landfills
are available in the State of Washington. One RCRA landfill located in Arlington,
Oregon, has been used for Hanford Site waste disposal.

Implementability. Hazardous waste landfills are permitted to accept specific
wastes. Land disposal restrictions (EPA 1990b) limit the type and form of wastes that
can be disposed in landfills. Disposal in hazardous waste landfills is applicable to
hazardous and mixed wastes. Off-site disposal of hazardous waste from the 100 Area is
easily implementable at existing hazardous waste landfill facilities.

Effectiveness. Landfills are considered a highly effective method of disposal for
nonradioactive hazardous waste forms because the design, operation, maintenance, and
closure specifications of such facilities are required to comply with EPA regulations.

Cost. Disposal costs at off-site RCRA landfills are low for small volumes of
hazardous waste in comparison to construction, operation, and maintenance of on-site
disposal facilities.

1.9.2 DOE Disposal Facilities

Applicability. Radioactively contaminated soils, riverbank sediments, and solid
waste.

General Description. Low-level waste (LLW) disposal facilities either exist or are
planned at six DOE sites (DOE 1991a). These facilities potentially could also be used
for disposal of Hanford 100 Area LLW. These sites include facilities at: Los Alamos
National Laboratory, Savannah River Site, Idaho National Engineering Laboratory, Oak
Ridge National Laboratory, Nevada Test Site, and the Hanford Site. These six sites
would collectively provide LLW disposal capacity for approximately 68,000 m3/yr, which
is far less than the potential disposal needs of approximately 200,000 m 3/yr for solid
waste assuming macroengineering study volume estimates and 20-year disposal phase.
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Implementability. Off-site disposal for Hanford 100 Area wastes is considered
implementable for limited volumes of waste. These facilities exist and accept LLW from
other DOE generators. However, host state governments and local residents are
becoming increasingly opposed to receiving off-site LLW for disposal (DOE 1991a).
This opposition would make off-site disposal of Hanford 100 Area wastes at other DOE
facilities difficult to implement.

Effectiveness. Off-site disposal of Hanford 100 Area wastes at other DOE sites is
considered to be moderately effective.

Cost. The cost of disposal at DOE facilities is considered to be high relative to
other disposal options. Some disposal facilities exist and others are planned, but
maintenance, monitoring, and closure of disposal facilities would increase costs.

1.9.3 Geologic Repositories

Applicability. Radioactively contaminated soils, riverbank sediments, and solid
waste.

General Description. Two geologic repositories are currently under development
by DOE. Yucca Mountain, Nevada, is the proposed site for disposal of defense high-
level waste (HLW) and is in the conceptual stage of development. The Waste Isolation
Pilot Plant (WIPP), near Carlsbad, New Mexico, is the proposed disposal site for defense
transuranic (TRU) waste. Portions of the WIPP have been constructed and the project
is awaiting congressional land withdrawal to begin a 5-year test phase prior to initiating
operations.

Implementability. Implementability of off-site geologic disposal of 100 Area
waste is dependent on the availability of facilities similar to the WIPP facility. WIPP
would likely be in its operational phase by the time the 100 Area waste is ready for
disposal. However, WIPP's mission only applies to TRU waste generated between 1970
and 2013. Yucca Mountain is many years away from operation and is not expected to be
available in time for disposal of Hanford 100 Area waste. Therefore, geologic disposal is
considered to be non-implementable.

Effectiveness. The objective of geologic disposal is to isolate waste within a stable
geologic formation. Geologic disposal is judged to be a highly effective method of
containment and isolation of radioactive wastes from groundwater, the surface
environment, and human contact.

Cost. In comparison to other disposal options, the costs for the development and
implementation of a geologic repository are extremely high based on costs associated
with the WIPP and Yucca Mountain Projects.
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1.10 IN SITU STABILIZATION/SOLIDIFICATION

The following in situ stabilization/solidification techniques are discussed below.

0 grout injection
0 vibration-aided grout injection
* vitrification
* dynamic compaction.

1.10.1 Grout Injection

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. Grout injection is an in situ stabilization/solidification
technique involving the injection of a cement grout into a contaminated zone. Hollow-
stem augers are used to inject and blend grout with contaminated materials. The end
product of this process is a monolithic block of contaminated material encapsulated in
grout.

Implernentability. Grout injection is a developed technology. This technique has
been used for over 18 years in applications such as cutoff walls and soil stabilization
(EPA 1989a). The augers used for grout injection are usually mounted on crawler-type
drill rigs which make the system easily implementable in virtually any terrain.

Effectiveness. The technology is applicable to soils and buried wastes
contaminated with heavy metals, semi-volatile organic compounds, and radionuclides.
Typically a single system can mix 90 to 140 cubic yards of soil per 8-hour shift (EPA
1989a). This rate is achievable to depths up to 100 feet (EPA 1989a). However, the
characteristics of the Hanford Formation would inhibit successful implementation of this
technique and may produce a solidified/stabilized block that is not monolithic.
Furthermore, grout coverage may not be as uniform as necessary to ensure containment.
Thus, grout injection is considered to have limited effectiveness.

Cost. Based on the availability of materials and standard equipment, the cost to
implement this technology would be moderate in comparison with other in situ
stabilization/solidification technologies.

1.10.2 Vibration-Aided Grout Injection

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. This technology is similar to grout injection with added
vibration to enhance the effectiveness of the treatment to fill void space. The vibratory
energy is transmitted through a vertical array of I-beams driven into the contaminated
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zone. A vibrating hammer-extractor system transmits vibratory energy to the array of I-
beams. The vibration aids the penetration of grout into the soil or buried waste.

Implementability. Vibration-aided grout injection is an innovative technology.
However, the technology would be moderately implementable due to difficulties involved
with driving I-beams into the rocky soils of the Hanford 100 Area.

Effectiveness. The presence of vibration during grout injection provides increased
control of grout placement and thus increased effectiveness over grout injection without
vibration. This process should increase the ability to stabilize/solidify contaminated zones
into uniform monolithic blocks. Thus, vibration-aided grout injection is considered to be
moderately effective for stabilization/solidification of Hanford 100 Area contaminated
sites.

Cost. The costs associated with vibration-aided grout injection are partially
dependent upon the type of grout selected. The cost to implement this technology is
expected to be high in comparison to other in situ stabilization/solidification
technologies. For example, in comparison to grout injection alone, pile driving I-beams
combined with vibration operations would result in increased costs.

1.10.3 Vitrification

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. In situ vitrification is an innovative process of melting
wastes and soils in place to encapsulate inorganic contaminants into a glassy solid matrix.
The glass is resistant to leaching and potentially more durable than other stabilization
materials. Vitrification is accomplished by joule-heating to melt contaminated material.
Melt temperatures, in the range of 1600 to 2000 C, are high enough to pyrolyze organic
pollutants. Although the process was initially developed to provide enhanced isolation
for buried radioactive wastes, destruction or removal by volatilization of organic
hazardous wastes may also be accomplished. This technology is commercially available
for hazardous chemical wastes and has been full-scale tested at actual mixed waste and
radioactive waste sites at Hanford.

The in situ vitrification process requires insertion of electrodes into the
contaminated soil. A conductive mixture of flaked graphite and glass frit is placed on
the surface between the electrodes to provide a conductive starter path for electrical
energy. Heat is generated from the resistance to electrical current passing between
electrodes thereby creating a melt pool. The starter path material is eventually
consumed by oxidation, and the current is transferred directly to the molten soil which is
electrically conductive. As the melt grows downward and outward, nonvolatile elements
are incorporated and organic components are pyrolyzed. The pyrolyzed byproducts
migrate to the surface of the vitrified zone where oxidation may occur. Convective
currents within the melt uniformly mix materials that are present in the soil. The molten
pool cools and solidifies upon the termination of power input. A hood placed over the
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processing area provides confinement for the combustion gases, drawing the gases into
an off-gas treatment system.

Implementability. In situ vitrification has been demonstrated on hazardous and
radioactive contaminated sites. Specific site characteristics must be considered in
determining the implementability of vitrification. The presence of groundwater severely
limits the practicality of in situ vitrification. High concentrations of flammable liquids or
solids have produced excessive amounts of gases that have overcome the capacity of the
off-gas treatment system in tests. In situ vitrification is considered implementable for
homogeneously contaminated materials such as soils and riverbank sediments. However,
the process is not considered to be presently implementable for sealed containers that
may be present in solid waste burial sites.

Effectiveness. In situ vitrification is an innovative process potentially applicable to
Hanford soils and solid wastes. The radionuclides and heavy metals would be
encapsulated in a glass matrix that has extremely high resistance to leaching and also has
good mechanical integrity. The vitrified product should be stable for long periods of
time. Vitrification of radioactive soils has been tested in a demonstration project at a
crib in the 100-B area (report in preparation). However, additional development is
required to determine whether off-gas problems can be resolved and adequate depth of
melt can be achieved for the process to be effective at the Hanford 100 Area. In situ
vitrification is considered to be highly effective for immobilizing contaminants in
homogeneous waste materials such as soils.

Cost. The major factors affecting costs for in situ vitrification of Hanford 100
Area soils, riverbank sediments, and solid waste are the moisture content and resistivity
of the material. Energy costs would the highest and most variable cost item for in situ
vitrification. The cost of vitrification is expected to be very high in comparison with
other in situ stabilization/solidification technologies.

1.10.4 Dynamic Compaction

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. Dynamic compaction is an in situ stabilization technique for
consolidating contaminated soils, riverbank sediments, and solid waste burial sites. The
process involves dropping a weight from a predetermined height on the area to be
compacted. The impact of the weight causes shock waves within the underlying media
thereby consolidating soil particles (Schexnayder and Lukas 1992). The equipment
required to perform dynamic compaction consists primarily of a steel or concrete weight
suspended from a crane. The weight, ranging from 10 to 40 tons, would be dropped
from heights up to 100 feet (WHC 1991e).

Implementability. Dynamic compaction is a developed technology with extensive
use in the construction industry (Schexnayder and Lukas 1992). Equipment required to
perform dynamic compaction is commercially available and mobile. Crawler mounted
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cranes should be capable of accessing all areas within the Hanford 100 Area. Dynamic
compaction is therefore considered an easily implementable technology.

Effectiveness. In the construction of dam foundations, dynamic compaction has
achieved consolidation depths of 30 feet or more in clay and silty soils (WHC 1991e).
Although Hanford soils are porous and should be amenable to dynamic compaction, the
technique has not been demonstrated on solid waste burial sites or soils within the 100
Area. Therefore, dynamic compaction is considered to have limited effectiveness.

Cost. Commercially available dynamic compaction equipment would have low
capital costs. The process is neither labor nor maintenance intensive. In addition, the
separation between operators and contaminated materials eliminates the need for high-
cost safety equipment. Dynamic compaction is considered a low cost in situ
stabilization/solidification technology.

1.11 THERMAL TREATMENT

The following thermal treatment methods are discussed below:

0 thermal desorption
0 incineration
* pyrolysis
0 metal melting
* molten solids processing.

1.11.1 Thermal Desorption

Applicability. Organic contamination destruction in soils, riverbank sediments,
and solid waste.

General Description. Thermal desorption is a relatively low temperature thermal
treatment for separating water and organic contaminants from soils and solid waste.
Organic constituents removed by thermal desorption are generally incinerated in a
second stage combustion chamber (condensation and separation is also an option). The
process has little effect on inorganic contaminants (EPA 1989a). The basic components
of a thermal desorber are the dryer furnace, second stage incinerator, and off-gas
collection/treatment system.

Implementability. The process is applicable to remediation of organic
contamination only. Soils or solid wastes having moisture content above 60 percent may
require dewatering prior to thermal desorption (RAAS 1991). The capacity of existing
thermal desorption systems ranges from 3 to 50 tons/hour of soil type media (RAAS
1991). The technology is considered moderately implementable at Hanford 100 Area
sites containing organic contamination.
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Effectiveness. Pilot tests have shown the extraction efficiency of thermal
desorption to be over 90 percent for polychlorinated biphenyls (PCBs) and 99 percent
for phenols (RAAS 1991). However, full-scale remediation with this technology has not
been demonstrated (RAAS 1991). The efficiency of thermal desorption is inversely
affected by the moisture content of the feed waste stream. Treatability tests would be
required to ensure the effectiveness of this process on Hanford soils and solid wastes.
Due to the low moisture and organic content of Hanford soils and solid waste, thermal
desorption has the potential to be highly effective for organic contaminant removal and
destruction.

Costs. Thermal treatment technologies are generally high-cost options. However,
the low temperatures involved with thermal desorption reduce the off-gas
collection/treatment requirements as well as the fuel requirements of the system. Thus,
the cost of a thermal desorption process with a secondary combustion chamber is
expected to be moderate in comparison to other thermal treatment technologies.

1.11.2 Incineration

Applicability. Organic contamination destruction and volume reduction of
combustible materials in solid waste, soils, and riverbank sediments.

General Description. Incineration is an ex situ, high-temperature-oxidation
process in which organic materials are oxidized to carbon dioxide, water, and oxides of
other elements in the waste. Examples of incineration technologies applied to
radioactive waste include multiple hearth, rotary kiln, fluidized bed, and controlled air
incinerators. Incineration systems may be designed for waste forms such as liquids,
solids, sludges, soils, and containerized wastes. The advantages of incineration include
maximum volume reduction, destruction of organics, and residuals that may be stabilized
for disposal (RAAS 1991). The components of an incineration system include the feed
system, primary and secondary combustion chambers, ash removal system, and an off-gas
treatment system.

Implementability. Incineration is a well developed technology. Incineration
systems are commercially available and can be either mobile or permanent installations.
The process is applicable to the treatment of organic contaminants only. Stationary
incinerators have been designed for up to 21,000 pounds/hour and transportable
incinerators up to 20,000 pounds/hour. Although a significant permitting effort would be
required for implementation of an incineration system, the technology is considered
moderately implementable at the Hanford 100 Area.

Effectiveness. Incineration is a highly effective method for treating organic
contamination. Destructive and removal efficiencies greater than 99.9999 percent have
been achieved (RAAS 1991). As is the case with all thermal treatment technologies, the
melting point of inert components in the waste can present potential problems. For
example, certain compounds containing phosphorus make high viscosity ash. Similarly,
lead may vaporize and then re-solidify in the off-gas treatment system. Therefore,
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characterization of the feed material is essential for design. Reliable and
environmentally safe systems are possible with proper design.

Cost. Thermal treatment technologies are typically high cost options.
Incineration systems generally have high permitting costs with moderate operating costs
in comparison to other thermal treatments. Maintenance costs are high due to the
complexity of the system. The overall cost of incineration is expected to be high in
comparison to other thermal treatment technologies.

1.11.3 Pyrolysis

Applicability. Organic contamination destruction and volume reduction of
combustible materials in solid waste, soils, and riverbank sediments.

General Description. Pyrolysis is an ex situ, high temperature thermal treatment
process in which organic compounds are thermally decomposed in the absence of
sufficient oxygen for complete oxidation. Off-gases resulting from pyrolysis are usually
oxidized with excess air in a secondary combustion chamber. Pyrolysis technologies in
use today include conventional pyrolytic reactors, rotary hearth pyrolyzers, and starved-
air combustion (RAAS 1991). Pyrolysis technology is flexible and may be applied to
liquids, solids, sludges, and soils. Pyrolysis benefits are similar to incineration and
include maximum volume reduction, destruction of organics, and residuals that may be
stabilized for disposal (RAAS 1991).

Implementability. Pyrolysis is a well-developed technology and is commercially
available (RAAS 1991). The process is applicable only to the treatment of organic
contaminants. A significant permitting effort would be required (RAAS 1991), but the
technology is considered moderately implementable at the Hanford 100 Area.

Effectiveness. Pyrolysis is a highly effective method for treating liquid and solid
wastes contaminated with hazardous organic constituents. The process requires careful
control of combustion air and feed material to ensure starved-air combustion.
Heterogeneous waste forms at the Hanford 100 Area could present process control
difficulties. As is the case with all thermal treatment options, the melting point of inert
constituents in the waste is a concern (refer to the section on incineration for further
discussion).

Cost. Thermal treatment technologies are generally more expensive than other
treatment technologies due to the complexity of the systems and energy and maintenance
requirements. Pyrolysis technology requires an extensive off-gas treatment system. Thus,
the overall cost of pyrolysis is expected to be high.

1.11.4 Metal Melting

Applicability. Decontamination of metal waste.
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General Description. Metal melting is an ex situ treatment for decontaminating
metal waste. Melting under an oxidizing slag has been shown to effectively remove
transuranic contamination from metal wastes (Heshmatpour and Copeland 1981). With
this treatment, metals are decontaminated and the radionuclides are partitioned into a
much smaller volume of slag. The resulting waste form, or solidified slag, is a stable
glass monolith.

Implementability. Metal melting as a decontamination process is an innovative
technology. The process has been demonstrated on a laboratory scale. Additional
development and testing would be required to demonstrate implementability of the
process in treating the contaminated metal wastes at the Hanford 100 Area. At the
present stage of development, the implementability of decontamination by metal melting
is considered difficult because this process requires segregated waste streams of different
types of metal. Such segregation efforts are expected to be difficult to implement, are
manpower intensive, and could potentially conflict with ALARA principles.

Effectiveness. The metal melting decontamination process has been shown to
effectively remove transuranic contamination from many metals (Heshmatpour and
Copeland 1981). However, the effectiveness of this technique for removing other
contaminants is uncertain. Additional testing would be required to demonstrate the
effectiveness of the partitioning process in removing fission and activation products that
are present in wastes at the Hanford 100 Area. Due to the variations in melting
temperatures of dissimilar metals, the process requires a highly segregated feed stream.
Therefore, the effectiveness of melting Hanford 100 Area metals is judged to be
uncertain.

Cost. The cost of implementing a metal melting decontamination process is
unknown due to the experimental status of the technology. However, thermal treatment
technologies are generally expensive, as discussed in the incineration and pyrolysis
descriptions. Additional costs are incurred by the requirement for a segregated feed
stream. The overall cost of metal melting decontamination is estimated to be high in
comparison to other thermal treatment technologies.

1.11.4 Molten Solids Processing

Applicability. Destruction of organic contaminants and immobilization of solid
waste, soils, and riverbank sediments.

General Description. Molten solids processes are ex situ, thermal treatment
technologies designed to destroy organic contaminants and immobilize any remaining
constituents. Examples of this technology include molten glass processes (vitrification),
slagging incineration (pyrolysis), molten salt incineration, and plasma incineration
(RAAS 1991).

Implementability. Molten solids processes are in the development and
demonstration phase. Additional work is required to demonstrate full-scale capabilities
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for these processes. At the current stage of development, molten solids processes are
judged to be difficult to implement at the Hanford 100 Area.

Effectiveness. Thermal treatments are generally highly effective for the
destruction of organic contaminants, and molten solids processing provide the additional
feature of immobilizing any remaining hazardous constituents in a vitrified matrix.
However, technical constraints can limit the effectiveness of these processes for treating
100 Area solid wastes, soils, and riverbank sediments. Molten salt incineration requires
low moisture and ash content feed waste, as well as preshredding of solids. Plasma
incineration is generally limited to treatment of liquids (RAAS 1991). Slagging
incineration process rates are slow (RAAS 1991). Molten solids processes may not
entrain certain contaminants due to volatilization. Therefore, the technologies are
considered to be only moderately effective for Hanford 100 Area wastes.

Cost. The cost of molten solids processing is judged to be very high in
comparison with other thermal treatment technologies. Molten solids processing
requires excessive energy for melting.

1.12 STABILIZATION/SOLIDIFICATION

The following stabilization/solidification techniques are discussed below:

* bitumen-based
* cement-based
* polymer-based
* vitrification.

1.12.1 Bitumen-Based

Applicability. Elimination of free liquids, immobilization of organic and inorganic
contaminants in solid waste, soils, and riverbank sediments.

General Description. Bitumen-based stabilization/solidification is an ex situ
treatment process of mixing waste materials with a bitumen (or asphalt) binder to
immobilize contaminants, eliminate free liquids, and produce a solid monolithic waste
form for disposal. Initially waste and bitumen are mixed together; any water present is
evaporated by contact with hot liquid bitumen (DOE 1988). The mixing process coats
the remaining waste materials with bitumen. The mixture is then allowed to cool and
harden, thereby immobilizing the contaminants within the bitumen matrix.
Stabilization/solidification processes for mixing waste with bitumen can be in-line or in-
container as well as stationary or mobile (Moghissi et al., 1986).

Bitumen-based solidification is generally applicable to treatment of liquid wastes,
such as evaporator concentrates, decontamination liquids, and contaminated oils; wet
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waste, such as spent resins and sludges; and dry solid wastes, such as shredded trash,
soils and riverbank sediments, incinerator ash, dryer residues, and other dried materials.

Implementability. Bitumen-based stabilization/solidification is a well developed
technology and is used in the U.S. and European commercial nuclear power industries
(DOE 1988). Bitumen has been accepted as a radioactive waste solidification agent at
the three operating commercial radioactive waste burial sites in the U.S. (Moghissi et al.,
1986). Bitumen-based stabilization/solidification is considered to be moderately
implementable for treatment of Hanford 100 Area wastes.

Effectiveness. Bitumen-based stabilization/solidification techniques have been
effectively used for treatment of low-level radioactive wastes from the commercial
nuclear power industry (DOE 1988). However, the combustibility of asphalt must be
considered during handling, storage, and disposal. In addition, concentrations of certain
salts in excess of 40 weight percent may increase leaching rates of contaminants from
biturnenized waste forms (Moghissi et al., 1986). Treatability tests to determine the
sensitivity of the bitumen stabilization/solidification process to multiple contaminants
and certain chemicals would be required. Thus, bitumen-based stabilization/
solidification is judged to be moderately effective for immobilizing contaminants in
Hanford 100 Area solid wastes. The technique is judged not effective for
stabilization/solidification of soils due to a large increase in waste volume.

Cost. Bitumen is a reasonably inexpensive binding agent and is readily available
(Moghissi et al., 1986). The equipment required for bitumen-based stabilization/
solidification is commercially available (DOE 1988). Energy consumption of the
processes may be significant because bitumen must be maintained at a temperature of
150 0C to maintain fluid properties. Bitumenization processes are moderately labor and
maintenance intensive. The overall cost of bitumen-based stabilization/solidification is
expected to be low in comparison with other stabilization/solidification technologies.

1.12.2 Cement-Based

Applicability. Elimination of free liquids, immobilization of organic and inorganic
contaminants in solid waste, soils, and riverbank sediments.

General Description. Cement-based stabilization/solidification is an ex situ
treatment process of mixing waste materials with cement to immobilize contaminants,
eliminate free liquids, and produce a solid monolithic waste form for disposal. Many
formulations of cement, admixtures, such as plasticizers and hardeners, and waste have
been developed for stabilization/solidification of radioactive wastes. Inorganic
contaminants such as heavy metals and radionuclides are readily amenable to cement-
based stabilization/solidification (Freeman 1989). Organic wastes containing solvents,
grease, or oils interfere with hydration reactions, which in turn inhibit cement-based
stabilization/solidification (Freeman 1989). Proprietary bonding agents that increase the
effectiveness of treating organic contaminants have been developed to eliminate this
problem (EPA 1989a).
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Implementability. Cement-based stabilization/solidification is a developed
technology and is commonly used for a variety of radioactive wastes. Cement-based
treatment may be considered standard for the stabilization/solidification of many
radioactive wastes (Freeman 1989). Proprietary bonding agents are currently being
developed and demonstrated by commercial operations (EPA 1989a). Cement-based
stabilization/solidification is considered to be easily implementable at the Hanford 100
Area for soils and waste byproducts.

Effectiveness. Cement-based stabilization/solidification techniques have been
effectively used for treatment of radioactive and hazardous wastes. However, the
sensitivity of the cementation process to multiple contaminants and certain chemicals
would require treatability tests to ensure effectiveness and to select appropriate bonding
agents and mix ratios. Therefore, cement-based stabilization/solidification is considered
to be moderately effective for treating 100 Area solid wastes. The method is considered
not effective for stabilization/solidification of soils due to a large increase in waste
volume.

Cost. Stabilization/solidification equipment is commercially available. Portland
cement is readily available and relatively inexpensive (Roggenthen 1989). Additives, if
required, may be expensive. Cementation processes are neither labor nor maintenance
intensive (Roggenthen 1989). Thus, the overall cost of cement-based
stabilization/solidification is expected to be low in comparison with other
stabilization/solidification technologies.

1.12.3 Polymer-Based

Applicability. Elimination of free liquids, immobilization of organic and inorganic
contaminants in solid waste, soils, and riverbank sediments.

General Description. Polymer-based stabilization/solidification is an ex situ
treatment process of encapsulating waste materials with polymeric materials such as
polyethylene, polybutadiene, or other thermosetting resins.

Implementability. Polymer-based stabilization/solidification is a developed
technology and is commercially available for hazardous and radioactive applications
(DOE 1988). Polymer encapsulation processes using polybutadiene and polyethylene
have been developed and demonstrated for low-level radioactive waste (Freeman 1989).
However, macroencapsulation has not generally been used for stabilization/solidification
of waste materials. Polymer-based stabilization/solidification is considered moderately
implementable for Hanford 100 Area solid waste due to the stage of development and
availability of processes.

Effectiveness. Polymer-based stabilization/solidification is generally effective for
treating most inorganic waste streams. Organic materials in the waste may retard
polymerization (Freeman 1989). The process offers increased waste loading ratios and
improved contaminant containment over other stabilization/solidification processes
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(Freeman 1989). Treatability tests to determine the effects of organic constituents in the
Hanford soils on the polymerization would be required. In the absence of
polymerization retarding organic constituents, polymer-based stabilization/solidification is
considered moderately effective for treating Hanford 100 Area solid wastes. The method
is considered not effective for stabilization/solidification of soils due to a large increase
in waste volume.

Cost. Polymer processing requires complex metering and mixing equipment. The
capital cost of such equipment is high. The raw materials required for polymer
stabilization/solidification are also expensive. Furthermore, maintenance costs would be
high. Thus, the overall cost of polymer-based solidification/stabilization is expected to
be high in comparison with other stabilization/solidification technologies.

1.12.4 Vitrification

Applicability. Destruction of organic contaminants and immobilization of solid
waste, soils, and riverbank sediments.

General Description. Vitrification is an ex situ stabilization/solidification
treatment process of melting waste materials in a glass matrix. The high temperature
molten glass (1000 to 2000*C) volatilizes or destroys the organic constituents as well as
the nitrate components in the waste. The inorganic contaminants, such as heavy metals
and radionuclides, are immobilized in a stable glass form that has mechanical and
chemical properties similar to granite. Vitrification is a variation of molten solids
processing.

Implementability. Vitrification is an innovative process that has been
demonstrated on a pilot scale. The vitrification process is applicable to solid waste and
soils (Freeman 1989). Vitrification technology has been selected for treatment of high-
level nuclear waste at the Hanford Waste Vitrification Plant (HWVP), the Defense
Waste Processing Facility (DWPF) at Savannah River, and the West Valley
Demonstration Project (WVDP) (Gurley et al., 1988). A significant development effort
would be required before implementation of a vitrification system on the range of wastes
at the 100 Area. Vitrification is considered difficult to implement.

Effectiveness. Vitrification is a highly effective treatment option for removal and
destruction of organic and nitrate contaminants and stabilization/solidification of
inorganic contaminants found in soils. Vitrification is considered moderately effective
for solid waste at the Hanford 100 Area. The resulting waste form is very stable and
non-leachable (Roggenthen 1989).

Cost. Vitrification systems are complex and have not been demonstrated on a
large scale. The system would require large amounts of electrical energy to maintain
melt temperatures. The operating and maintenance requirements would be extensive.
Hence, the cost of vitrification is expected to be very high in comparison with other
stabilization/ solidification technologies and with other thermal treatment technologies.
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1.13 PHYSICAL TREATMENT

The following methods of physical treatment are discussed below:

* size reduction
* segregation/sorting
* repackaging
* metal decontamination.

1.13.1 Size Reduction

Applicability. Solid waste.

General Description. Size reduction refers to ex situ physical treatment processes
used to reduce volume, to make large objects amenable to handling, and as a
preparatory step for treatment processes. Size reduction processes include shredding,
cutting, and compacting.

Implementability. Size reduction processes are well developed and are used in
nuclear power plants (EPRI 1988) for volume reduction of low-level dry-active wastes
(DAW). Mobile or stationary shredding and compaction systems are available (EPRI,
1988; Kennerly et al., 1988). Size reduction of solid waste at the 100 Area is considered
an easily implementable treatment option, although some segregation may be required.

Effectiveness. Size reduction does not affect the toxicity, mobility, or hazards of
contaminants. The presence of free liquids complicates size reduction systems and thick
metal would be difficult to process. Overall, due to the need for additional processing,
size reduction is judged to have limited effectiveness as a treatment process.

Cost. Size reduction equipment is commercially available from many commercial
vendors (EPRI 1988). Size reduction is typically a maintenance intensive process. The
overall cost of size reduction technologies is expected to be low.

1.13.2 Segregation/Sorting

Applicability. Solid waste.

General Description. Segregation and sorting is an ex situ process of separating
solid waste materials by physical or chemical attributes to facilitate additional treatment.
Implementation of a metal melting process, for example, would require that metallic

waste be segregated/sorted into categories such as steels, lead, and aluminum, prior to
melting (see Section 1.11.4). Sorting can be done manually, automatically, or by some
combination of these depending on waste characteristics. Manual sorting might simply
consist of an operator sorting waste with a robotic manipulator in a hot cell or by hand
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in a glove box. Air classification or magnetic separation are examples of automated
sorting operations.

Implementability. The implementability of segregation/sorting processes for
radioactive wastes would depend on site-specific parameters. Segregating and sorting
retrieved buried waste would be very difficult to implement at the Hanford 100 Area.

The age and condition of the waste may not be amenable to segregation and sorting and
implementability would depend on the degree of sorting required for subsequent
processes. Manual sorting is labor intensive and not considered consistent with ALARA
principles.

Effectiveness. Sorting is only effective when used in conjunction with other waste
treatment processes. The effectiveness of a segregation/sorting process at the Hanford
100 Area would be dependent on the degree of sorting required. A coarse
segregation/sorting process that separates large items of waste during the excavation
process would be very effective. However, more specific sorting processes, such as

segregation by metal type, may not be practical. In general, segregation and sorting of
solid waste materials is considered to have limited effectiveness and would be highly
dependent on the type of sorting required for other operations.

Cost. Segregation and sorting processes for Hanford 100 Area solid waste are
potentially complex. Manual processes would be labor intensive, whereas automated
processes would be maintenance intensive. Therefore, segregation and sorting are
expected to be very high cost processes in comparison to other physical treatment
technologies.

1.13.3 Repackaging

Applicability. Solid waste.

General Description. Repackaging is the process of overpacking or replacing
damaged or deteriorated waste containers. Overpacking involves placing a damaged or
deteriorated waste container into a new oversized container. Repackaging is generally a
manual operation, but lifting equipment may be required to handle heavy or oversized
waste materials and containers.

Implementability. Repackaging can be accomplished, but may require size
reduction or special handling for deteriorated containers. Demolition wastes were
buried without packaging; reactor components and "soft" wastes were buried in packages
intended to provide short-term containment (DOE 1991b; DOE 1991c). Repackaging of
excavated or demolished solid wastes is considered a moderately implementable process
option.

Effectiveness. Repackaging waste is only a moderately effective process because
contaminants could disperse into the environment if the container is not adequately
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protected and because most containers have a limited lifetime. Repackaging is a
necessary component of most disposal options.

Cost Repackaging costs are primarily a function of labor and container
requirements. Labor requirements are moderate and maintenance requirements are low.
The cost for this process option is expected to be moderate in comparison with other
physical treatment technologies for solid waste.

1.13.4 Metal Decontamination

Applicability. Metal wastes.

General Description. Metal decontamination is an ex situ physical treatment
process for removing radioactive materials from contaminated metal surfaces such as
reactor components and process equipment. Examples of metal decontamination
processes are (Moghissi et al., 1986):

* hone and brush abrasion
* hand wiping/scrubbing
* high-pressure water jetting
* steam cleaning
0 ultrasonic cleaning
* abrasive blasting
a electrochemical polishing
* solvent cleaning
* chemical cleaning
* vibratory finishing.

The primary objective of metal decontamination is to reduce contamination levels
to below release limits. By reducing the contamination levels, restrictions that would
otherwise apply due to the presence of radioactivity would be bypassed (Moghissi et al.,
1986). If contamination levels cannot be reduced to below release limits, the objective
of metal decontamination becomes the reduction of contamination to a level such that
the item can be disposed under less stringent requirements. For example, removal of
TRU contaminants to a level that allows disposal of the metal as a low-level waste.

Implementability. Several decontamination techniques are available and used
routinely for surface decontamination of tools and equipment from nuclear facilities
(Moghissi et al., 1986). The methods are based on the nature and extent of the
contamination and the characteristics of the material to be treated. Metal
decontamination is judged to be difficult to implement at the Hanford 100 Area due to
the types and concentration of radionuclide contamination, condition of buried metal
waste, and the required segregation.

Effectiveness. High-pressure water jets and hone and brush abrasion have been
shown to be effective in decontaminating inner surfaces of piping (Moghissi et al., 1986).
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Vibratory finishing, ultrasonic cleaning with acidic solutions, and solvent cleaning are
also considered to be effective processes of decontamination (Moghissi et al., 1986).
Other effective techniques include abrasive blasting and electro-polishing, but these
produce large quantities of secondary wastes (Moghissi et al., 1986). The effectiveness of
metal decontamination in treating Hanford 100 Area metal waste is dependent on the
level of contamination and physical condition of the waste. Treatability tests would be
required to determine the effectiveness of metal decontamination. The effectiveness of
metal decontamination is judged to be high provided that little or no oxidation has
occurred.

Cost. The capital cost of such decontamination equipment is expected to be high.
The processes may or may not be labor intensive depending on the specific procedure.
Waste from pretreatment, maintenance requirements and generation, collection, and
treatment of secondary waste forms are additional cost considerations. The overall cost
of metal decontamination is expected to be high in comparison to other physical
treatments for solid waste.

1.14 CHEMICAL TREATMENT

The following methods of chemical treatment are discussed below:

* chemical oxidation
* acid digestion
* hydrolysis.

1.14.1 Chemical Oxidation

Applicability. Organic contamination in groundwater, soils, riverbank sediments,
and solid wastes.

General Description. Chemical oxidation is an ex situ chemical treatment for
destroying organic contaminants. Commonly used oxidizing agents include ozone,
chlorine, potassium permanganate, and hydrogen peroxide. Chemical oxidation is most
efficient for dilute aqueous wastes and gases with limited application for slurries, tars,
and sludges. Treatment chemicals are typically added in excess of stoichiometric
requirements. Ultraviolet light has been found to increase the oxidizing power of
peroxide and ozone (Min et al., 1991).

Implementability. Chemical oxidation processes are well developed and
commercially available. Photolysis, one form of chemical oxidation, uses a light source
to catalyze the oxidation reaction and is dependent on waste material and fluid clarity.
Chemical oxidation is implementable in the liquid and gaseous phases (Min et al., 1991).
Oxidation of solid wastes is difficult because the contamination must be extracted from
the solid into a liquid or gaseous form prior to the oxidation. Chemical oxidation would
be considered moderately implementable for groundwater.
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Effectiveness. Chemical oxidation, including photolysis, is moderately effective for
the destruction of organic contaminants in liquid waste streams. These processes are
judged to have limited effectiveness in treating solid waste, soils, and riverbank
sediments due to the need for extracting the organics.

Cost. Chemical oxidation and photolysis require high cost chemical reagents and
treatment of secondary wastes. Electrical and equipment costs for UV-photolysis can be
very expensive. Therefore, chemical oxidation is judged to have very high
implementation and operating costs.

1.14.2 Acid Digestion

Applicability. Solid waste.

General Description. Acid digestion is an ex situ chemical treatment process
which oxidizes organic materials and partially oxidizes metals by chemical reaction with
acid (Lerch et al., 1981). Waste is digested in a heated bath of sulfuric acid. The
sulfuric acid carbonizes and partially oxidizes organics (Lerch et al., 1981). Complete
oxidation is accomplished by the addition of nitric acid to the reactor vessel at a rate
proportional to waste feed requirements. The resulting residue must be separated from
the acid bath by filtration or distillation (Lerch et al., 1981). These residues would
require additional treatment such as solidification/stabilization by cementation or
vitrification. Acid digestion is similar to a combustion process and requires off-gas
collection and treatment.

Implementability. Acid digestion of contaminated combustible waste has been
tested and demonstrated at the Hanford Engineering Development Laboratory (Allen
and Lerch 1982). Immobilization of acid digestion residue has also been demonstrated
(Greenhalgh and Allen 1983). The current status of development and the hazards
associated with hot acid processing of this process suggests that implementation for
treatment of 100 Area combustible waste would be difficult.

Effectiveness. The process can treat combustible wastes including PVC,
polyethylene, paper, ion exchange resin, all types of rubber, and other cellulosic materials
(Lerch et al., 1981). Process rates are very low (Lerch et al., 1981). Slow processing
rates indicate limited effectiveness for acid digestion of wastes from the Hanford 100
Area.

Cost. Acid digestion systems are not fully developed or commercially available.
The process is not labor intensive, although extensive process control is required.
Sulfuric acid can be recycled in the process but treatment of secondary wastes is
expensive. The complexity of such a system implies costly maintenance. The overall cost
of implementing an acid digestion system would be very high in comparison with other
chemical treatment technologies for solid waste.
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1.14.3 Hydrolysis

Applicability. Solid reactive materials and insoluble solid organics.

General Description. Hydrolysis is an ex situ chemical treatment process.
Hydrolysis is a fragmentation/substitution reaction which may occur in pure water for
reactive compounds such as alkali metals or in acidic or basic conditions for insoluble
organics. The fragmentation/substitution reaction decomposes organic contaminants or
reduces reactive materials into significantly less hazardous aqueous solutions. Hydrolysis
as a waste treatment is most effective when applied to high concentrations of reactive
materials or insoluble organics. This treatment is not intended for low concentrations of
contaminants that may be present in groundwater, soils, or riverbank sediments.

Implementability. Hydrolysis is a well developed technology that has traditionally
been used to synthesize organic chemicals such as alkyl halides and hydrogen sulfates
(RAAS 1991). Hydrolysis is considered difficult to implement at the Hanford 100 Area
because reactive materials and insoluble organics are not present in a relatively pure
form.

Effectiveness. Hydrolysis is an effective method of partial reduction of insoluble
organic materials into more soluble components and in decreasing the dangers associated
with reactive materials. Hydrolysis is effective for a limited portion of the contaminants
of concern. The effectiveness of hydrolysis in treating solid waste is limited due to
unknown amounts of pure reactive and insoluble organic materials present in the
Hanford 100 Area.

Cost. The capital costs for hydrolysis are considered to be high. Reagent
solutions for acidic and/or basic solutions may significantly increase operating costs.
Overall, the cost for implementing hydrolysis for treatment of Hanford 100 Area solid
wastes is judged to be high relative to other chemical treatment technologies due to
dangerous operating conditions.

2.0 GROUNDWATER TECHNOLOGY DESCRIPTIONS

2.1 ACCESS RESTRICTIONS

2.1.1 Water Rights Restrictions

Refer to "Technical Descriptions for Solid Waste" under Deed Restrictions,
discussed in Section 1.1.2.
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2.1.2 Deed Restrictions

Refer to 'Technical Descriptions for Solid Waste" under Deed Restrictions,
discussed in Section 1.1.2.

2.2 MONITORING

The following monitoring techniques are discussed below:

* wellpoint monitoring
* groundwater monitoring.

2.2.1 Wellpoint Monitoring

Applicability. Groundwater

General Description. A wellpoint consists of a series of connected lengths of pipe
driven by repeated impacts into the ground to below the water table. Water enters the
well through a drive point at the lower end of the well. This consists of a screened
cylindrical section protected during driving by a steel cone at the bottom. Samples are
withdrawn from the wellpoint with a small suction pump. The wellpoint monitoring
system is installed in an aquifer on the downgradient side of a point source to collect
samples of potentially contaminated groundwater.

Implementability. Wellpoint monitoring is a common technique for collecting
groundwater samples. The presence of gravel and cobbles in Hanford 100 Area soils
limits the installation of wellpoints. Wellpoints are installed by driving small diameter
pipe through soil; rocks encountered would prevent proper installation or may damage
the screen configuration. Cone penetrometer tests were performed at Hanford in 1992
(WHC 1992) to demonstrate the use of driven samplers for vadose zone sampling. The
testing did not involve installation of wellpoints below the water table. The tests
confirmed the difficulty of driving penetrometers in Hanford soils, although overall the
technique was shown to be moderately implementable for limited applications. Since the
testing did not involve groundwater wellpoints, the implementability of wellpoint
installation at Hanford is considered uncertain.

Effectiveness. The wellpoint monitoring system is most suitable for applications
where depth to groundwater is low and soils are sandy. A key disadvantage of driven
wellpoints is that the resulting wells are not RCRA/CERCLA compliant, i.e. the wells
are not sealed and could potentially cause a contamination conduit to groundwater.
Wellpoint monitoring is therefore considered to be ineffective for the Hanford 100 Area.

Cost. The cost of implementing wellpoint monitoring systems is considered to be
low relative to other monitoring technologies due to the availability and use of standard
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well installation equipment. However, costs would be higher at Hanford due to the
difficulties of driving wellpoints in rocky soils.

2.2.2 Groundwater Monitoring

Applicability. Groundwater

General Description. Groundwater monitoring systems consist of a network of
monitoring wells placed upgradient and downgradient of potential contaminant sources.
The exact number, construction, depth, and locations of the wells is dependent upon site-
specific hydrogeological characteristics and the potential contaminants of concern.
Groundwater samples are collected from the well(s) using suction or submersible pumps
or bailers, and analyzed for the parameters of interest. Upgradient wells are routinely
installed to provide baseline groundwater quality for comparison purposes. Sidegradient
wells are installed to assist in plume delineation.

Implementability. Groundwater monitoring networks are routinely installed at
waste management facilities. Installation techniques are readily available and are well
suited for use in the Hanford 100 Area.

Effectiveness. Properly designed, constructed, maintained, and operated
groundwater monitoring networks are highly effective in assessing existence and extent of
contamination in the groundwater. These networks can also be used to gauge the
success of groundwater remediation activities. Monitoring alone is not effective in
protecting health and environment.

Cost. The cost of installing a groundwater monitoring network at the Hanford
100 Area is considered to be moderate in comparison to other monitoring techniques.
Operating and maintenance costs depend on the analytical parameters to be determined,
the monitoring frequency, and the data interpretation activities associated with the
monitoring program.

2.3 ALTERNATE WATER SUPPLY

2.3.1 Columbia River and Development of Nearby Sources

Applicability. Replacement of groundwater for domestic, industrial, or
agricultural uses.

General Description. The purpose of this option is to provide alternative water
sources to locally contaminated groundwater. Two options are considered here: the use
of Columbia River water by direct pumping from uncontaminated areas or by
constructing a reservoir exclusively for this purpose; or the development of nearby
uncontaminated groundwater sources.

C-50



DOE\RL92-11
Draft B

Implementability. Direct diversion of river water would be easily implementable.
Water rights could be purchased from nearby sources if future land use options include
agricultural activities or grazing. Pipelines would be required for development of nearby
sources. Therefore this option is considered moderately implementable.

Effectiveness. The options presented above provide effective replacements for
groundwater. Prior to allowing practices, such as irrigation, that may recharge the
aquifer, the possible mobilization of contaminants through the use of replacement water
would require consideration.

Cost. The cost of implementing water replacement practices is a function of the
amount of water required, irrespective of whether water rights must be purchased and
dams and pipelines constructed. On this basis, the diversion of Columbia River water is
considered a moderate cost option and development of other nearby sources is
considered a relatively high cost option.

2.4 HORIZONTAL BARRIERS

Refer to "Solid Waste Technology Descriptions." under Horizontal Barriers,
discussed in Section 1.4.

2.5 VERTICAL BARRIERS

Refer to "Solid Waste Technology Descriptions" under Vertical Barriers, discussed
in Section 1.5.

2.6 HYDRAULIC CONTROL

The following methods of hydraulic control of groundwater are discussed below:

* extraction wells
* extraction drains/trenches.

2.6.1 Extraction Wells

Applicability. Groundwater

General Description. Groundwater extraction wells are used to withdraw, and
occasionally, isolate contaminated groundwater by manipulation of the hydraulic gradient
(RAAS 1991). The extraction system design may include a single well for the withdrawal
or containment of an isolated plume or multiple well to control a larger or more
dispersed plume. The complexity of the design depends on the nature of the
transporting medium, the depth of penetration of the contaminant, and the complexity of
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the geologic stratigraphy. The extraction process is the precursor to groundwater
treatment or disposal alternatives. Injection wells work in a manner opposite to
extraction wells but employ similar design and construction.

Implementability. Groundwater wells for injection or extraction are considered
conventional technology. The extraction/injection methods and technologies are well
established in the remediation industry (RAAS 1991). The coarse nature and high
transmissivity of Hanford 100 Area soils and the shallow depths to groundwater make
extraction wells easily implementable.

Effectiveness. The geology and the nature of soils in the Hanford 100 Area lend
themselves to installation and operation of extraction wells. The technology is
considered a highly effective method of extracting groundwater.

Cost. The capital costs for extraction wells is expected to be moderate relative to
other extraction systems. The major expenditures would be the well construction, the
piping, and pump installation. Operating costs for extraction wells are expected to be
low.

2.6.2 Extraction Drains/Trenches

Applicability. Groundwater

General Description. Extraction drains/trenches include any type of buried
conduit, equipped with pumps, or below-grade trench used to direct and collect
contaminated groundwater by gravity flow (Freeman 1989). A subsurface drainage
system may consist of a single extraction point or a series of extraction points, depending
on the extent of contamination, to collect leachate for treatment or monitoring.
Drains/trenches can be used as barriers to prevent contamination or to intercept a
contamination plume downgradient from a source. The method can be utilized in
conjunction with other groundwater treatment or disposal technologies.

Implementability. Subsurface drainage systems are generally limited to shallow
contamination. Installation may require excavation into contaminated materials. Due to
the depth of contamination in the Hanford 100 Area, extraction drains/trenches may
have limited application for intercepting contaminant plumes. Extraction drains/trenches
are difficult to implement beneath existing solid waste burial sites and contaminated soil
areas. Extraction drains/trenches would be moderately implementable for directing and
collecting groundwater, but would require excavation of large volumes of soil.

Effectiveness. Extraction drains/trenches would be highly effective when used for
shallow groundwater contamination. Little or no infiltration would be expected for solid
waste or soils; therefore, the technology would be ineffective for these applications.

Cost. The cost of installing extraction drains/trenches is expected to be high
relative to other subsurface flow control technologies. Implementation costs are
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primarily a function of the amount of excavation required. Excavation through
contaminated materials may require equipment modifications and additional safety
precautions to protect workers which would increase costs.

2.7 GROUNDWATER EXTRACTION

The following methods of groundwater extraction are discussed below:

* extraction wells
. extraction drains/trenches
* aquifer mining.

2.7.1 Extraction Wells

Refer to "Extraction Wells" under Hydraulic Control, discussed in Section 2.6.1.

2.7.2 Extraction Drains/Trenches

Refer to "Extraction Drains/Trenches" under Hydraulic Control, discussed in
Section 2.6.2.

2.7.3 Aquifer Mining

Applicability. Groundwater

General Description. Aquifer mining is a groundwater extraction technique that
involves removal of an entire contaminated groundwater formation. Application of the
technique in the 100 Area would involve the removal of uncontaminated overburden,
contaminated soil, sediment, and solid waste, and the mining of the water bearing strata.

Implementability. Aquifer mining is very similar to strip mining, a well developed
technology. This technique is considered a drastic approach that would be used in
conjunction with removal of contaminated soil, sediment, and solid waste. The materials
that must be removed include all soils, riverbank sediments, and solid waste above and
within contaminated groundwater plumes. While earth removal is not considered a
technical challenge, removal of such a large volume of material would be more difficult.
The depth to confining layers beneath the unconfined aquifer may exceed 150 feet in
certain areas. For these reasons, aquifer mining would be difficult to implement in the
100 Area.

Effectiveness. Aquifer mining involves simultaneous removal of contaminated
groundwater and the soil in which it is present. The sources of groundwater
contamination include trenches, cribs, and drains that must be removed prior to aquifer
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mining. Aquifer mining would be highly effective in eliminating groundwater
contamination and the potential for contaminant leaching from aquifer material.

Cost. The cost of aquifer mining is very high relative to other groundwater
removal technologies and is directly proportional to the volume of material to be
removed and the depth of excavation required. In addition, protection of workers and
containment of the excavation site are significant factors that would influence the cost.

2.7.4 Lixiviant Extraction for Groundwater Saturated Sediments

Applicability. Inorganic contamination in groundwater saturated sediments.

General Description. Lixiviant extraction is a combination in situ/ex situ
treatment method. Lixiviant extraction involves injection of chemical reagents to
contaminated aquifers to leach adsorbed contaminants from the sediments into the
groundwater. Contaminated groundwater containing the leached constituents is
recovered downgradient through conventional extraction wells. Recovered groundwater
is subsequently treated ex situ to remove contaminants and the lixiviant solutions may
then be recycled.

The lixiviant extraction process is similar to in situ leaching operations in the
mining in industry where a chemical solution is allowed to percolate through the soil by
gravity flow or forced injection. Lixiviants (e.g., sodium carbonate/bicarbonate) have
been developed for extraction of uranium and commercial in situ uranium mines
currently exist.

Implementability. Lixiviant extraction is considered an innovative technology for
this application. Successful implementation of a lixiviant sediment flushing process in the
100 Area is dependent on the aquifer characteristics and the ability to recover lixiviated
contaminants. Also, considerable R&D would be required to develop suitable lixiviants
for many of the Hanford contaminants. Soil and groundwater characteristics must be
conducive to injection and extraction of flushing solutions. Lixiviant extraction is
considered difficult to implement due to the need for injecting flushing agents and the
potential for mobilization of contamination in groundwater system.

Effectiveness. The effectiveness of lixiviant extraction depends on the aquifer
characteristics, the ability to recover the contaminated groundwater, and the
development of suitable chemical reagents. Difficulties involved with lixiviant extraction
include limiting reactions to contaminants, monitoring and controlling progress, directing
treatment through the soil, preventing soil pore plugging, and meeting current
requirements for residual contaminant levels in the aquifer. R&D and treatability tests
would be required to prove the effectiveness of lixiviant extraction for removing 100
Area contaminants from aquifer sediments. Thus the effectiveness of lixiviant extraction
is rated as uncertain.
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Cost. The large volume of contaminated sediments in the Hanford 100 Area
would require multiple lixiviant extraction systems operating in parallel. The capital
costs involved with lixiviant extraction are expected to be moderate in comparison with
other groundwater extraction technologies. Costs associated with secondary treatment
equipment for contaminated flushing solutions are also significant.

Operating costs for soil flushing are also expected to be high in comparison with
other groundwater extraction technologies. Continuous operation of injection/extraction
wells and continuous wastewater treatment would require frequent equipment
maintenance, significant energy usage, and potentially large quantities of chemicals.

2.8 WASTEWATER DISPOSAL

The following methods of wastewater disposal are discussed below:

* deep-well injection
* above-/below-ground tanks
* evaporation ponds.

2.8.1 Deep-Well Injection

Applicability. Contaminated groundwater and treated effluent.

General Description. Deep-well injection involves the reinjection of waste water
into the underlying geology for permanent disposal. This form of disposal is applicable
to both treated and untrea:ed waste waters. Waste water injection wells are constructed
with the injection point in porous, permeable, saline-water-bearing rock stratum that is
vertically confined by relatively impermeable beds (Freeman 1989). In general, the
injection point is at a sufficient distance under the regional aquifer to minimize the
potential of groundwater contamination.

Implementation. The implementability of deep-well injection for disposal of
contaminated 100 Area groundwater is dependent on the local geology of the area. The
geologic requirements for deep-well injection are:

* Confining layers that are sufficiently thick, extensive, and impermeable to
contain the aqueous waste in isolation

* Stable regions that do not have any boreholes or other wells that may
provide pathways for migration of contaminated groundwater.

Assessment of the local geology indicates that the Grand Ronde Formation would
satisfy the geologic requirements for deep-well injection. This region lies within the
basalt formations at approximately 3000 to 4000 feet beneath the surface of the Hanford
Site. Deep-well injection of hazardous, radioactive, and mixed waste waters would

C-55



DOE\RL-92-11
Draft B

require compliance with applicable regulations. Regulatory compliance would require a
significant effort involving groundwater modeling, site characterization, permitting, and
public acceptance. Therefore, deep-well injection is considered difficult to implement.

Effectiveness. Deep-well injection has been used for disposal of RCRA hazardous
wastes (Freeman 1989). Disposal of contaminated 100 Area groundwater by deep-well
injection is considered a highly effective method for isolating radioactive groundwater
from uncontaminated groundwater, the surface environment, and human contact. Such
isolation would allow time for decay of isotopes, such as tritium, and dilution of other
contaminants.

Cost. The cost of deep-well injection is high in comparison with other
groundwater disposal methods. Factors affecting the cost of deep-well injection include
initial well drilling, pumping requirements, monitoring, and the process of securing
disposal permits which would potentially contribute greatly to cost.

2.8.2 Above-/Below-Ground Tanks

Applicability. Contaminated groundwater and treated effluent.

General Description. Above- or below-grade tanks can be used for temporary
storage of contaminated liquid waste. These tanks can be of single- or double-shell
design depending on the containment requirements of the waste. Above-ground tanks
are applicable to short-term storage, whereas below-ground tanks are more applicable to
long-term storage. Tank storage can be used to allow natural attenuation of relatively
short-lived contaminants or to provide temporary storage in anticipation of future
treatment.

Implementation. Above- and below-ground tanks are currently used at Hanford
for storage of high-level liquid wastes. The technology and resources for implementing
liquid waste storage in above- and below-ground tanks are readily available. This
method of storage and disposal is considered moderately implementable at the Hanford
100 Area.

Effectiveness. Past history indicates difficulty in maintaining the integrity of tanks.
The total volume of contaminated groundwater present in the Hanford 100 Area is
estimated at 4.8 billion gallons (1 pore volume). Effectively containing this volume in
above- and below-ground tanks for long periods of time is improbable.

Cost. The cost of waste water tank storage is very high in comparison with other
disposal technologies. Underground tanks would require additional excavation and are
more expensive to install than above-ground tanks. Operating costs are low and consist
primarily of continuous monitoring to ensure containment integrity. Periodic
maintenance would be required depending on the period of storage.
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2.8.3 Evaporation Ponds (Evaporation: Passive)

Applicability. Nonvolatile inorganically and organically contaminated
groundwater, effluents from other treatment processes.

General Description. Evaporation ponds refer to the disposal of wastewater by
solar evaporation. This process is identical to passive evaporation which is described
below. Passive evaporation is a physical treatment for volume reduction of groundwater.
The process involves vaporization by solar energy to separate the volatile solvent, or
water, from nonvolatile contaminants such as heavy metals, suspended solids, and
radionuclides. The evaporation process reduces the volume of contaminated fluids and
releases the volatile constituents as purified vapors. The contaminants are concentrated
in a residue which may be solidified, dried, or calcined. Passive evaporation could be
used for disposal of contaminated groundwater.

Implementability. Passive evaporation is -a conventional technology. The process
uses ponds to maximize the surface area of a given fluid volume and increase
evaporation. Passive evaporation is best suited for small or moderate volumes of
contaminated water. The process is considered easily implementable at the Hanford 100
Area.

Effectiveness. Passive evaporation is an effective volume reduction technology in
arid regions such as the Hanford Site. However, tritium is a contaminant in groundwater
which would also evaporate with water. Such a release is not desirable and thus passive
evaporation is considered not effective in protecting health and environment.

Cost. A passive evaporation system would be a low cost treatment or disposal
technique. Capital, operating, and maintenance costs are low in comparison to other
physical treatment or disposal options for groundwater. However, secondary treatment
requirements may increase costs.

2.9 IN SITU BIOLOGICAL TREATMENT

The following methods of in situ biological treatment are discussed below:

* e enhanced groundwater bioremediation
* biodenitrification.

2.9.1 Enhanced Groundwater Bioremediation

Applicability. Organic contamination in groundwater.

General Description. Enhanced groundwater bioremediation is an in situ
biological treatment process for destruction of organic contaminants in groundwater. The
treatment may use bacteria indigenous to the particular environment or bacteria that
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have been cultured to degrade particular contaminants. Adding nutrients to the
groundwater enhances degradation by stimulating growth of indigenous bacteria.
Bacteria that are specially cultured to degrade a particular contaminant can be added to
the groundwater.

Enhanced groundwater bioremediation involves circulation of a treatment fluid
containing nutrients or cultured bacteria through the area of contamination. The process
may be conducted under aerobic or anaerobic conditions. Aerobic processes (e.g.,
hydrogen peroxide providing oxygen) are preferred because processing rates are
increased. The treatment fluid is injected directly into the groundwater. Residual
products are then extracted for surface treatment or recirculation into the site.
Circulation is continued until the site is determined to be "clean." Collection of this
water can be the most difficult aspect of the
treatment. Another difficulty with this technology is ensuring that the contaminated area
is contained during treatment.

Implementability. Bioremediation requires a site hydrology where injection and
extraction can be performed without spreading contamination or leaving residual
products. Due to the high permeability of Hanford 100 Area aquifers, circulation of the
treatment fluid without mobilizing contamination would be difficult. Enhanced
groundwater bioremediation treatability tests would be required to ensure process
control and containment of inorganic and radioactive contaminants.

Effectiveness. Although enhanced groundwater bioremediation is a developed
remediation technology, the process is complex and variables such as bacterial
concentration, temperature, pH, nutrient concentration, and oxygen availability must be
controlled. Enhanced groundwater bioremediation would be considered moderately
effective if the process variables listed above can be maintained within acceptable
tolerances.

Cost. The cost of enhanced groundwater bidremediation is high relative to other
in situ organic contaminant treatment processes. The capital costs include an extensive
injection/extraction well system and treatment fluid storage tanks. Operating costs
include utilities, secondary waste treatment, and process materials such as nutrients,
bacteria cultures, and hydrogen peroxide.

2.9.2 Biodenitrification

Applicability. Nitrate contamination in groundwater, soils, and riverbank
sediments

General Description. Biological denitrification is an anaerobic process where
microbial metabolic action reduces nitrates to nitrogen gas. Bacteria use nitrate anions
as a source of oxygen for metabolizing organic materials. Denitrification occurs as
bacteria consume carbon (food source) supplied by organic material present in the
contaminated media or waste stream or by introduction of compounds such as methanol
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or acetic acid. In situ biodenitrification is accomplished by injection of oxygen and
nutrient sources directly into the affected media. Spray irrigation is a special application
of biodenitrification where extracted groundwater containing nitrates is sprayed on
growing plants. Nitrates are reduced biologically in the roots of the plants in the same
manner as nitrate-containing fertilizers.

Implementability. In situ and ex situ biological denitrification are developed
technologies. Hydrocarbon contamination plumes have been biologically degraded under
denitrifying conditions in groundwater (Hutchins and Wilson 1991; Mikesell et al., 1991).
Tests of an ex situ denitrification process have been conducted at the Hanford Site
where concentrations of nitrate were reduced from approximately 400 milligrams per
liter to less than one milligram per liter (Brouns et al., 1991). Based on the results of
these tests, an in situ process for treating contaminated groundwater is being developed
(Brouns et al., 1991). In situ and ex situ biological denitrification processes are
considered moderately implementable based on previous success. The special
application, spray irrigation, is considered easily implementable.

Effectiveness. Results of the Hanford ex situ denitrification tests show that nitrate
concentrations are reduced to levels that are within acceptable drinking water standards
(Brouns et al., 1991). Factors influencing the effectiveness of denitrification include
organic carbon availability, presence of dissolved solids, and concentration of nitrates.
The organic carbon source is critical to the effectiveness of nitrogen removal. Typically,
the ratio of organic carbon to nitrogen is maintained at 1.3 to 1. High levels of dissolved
solids inhibit the biodenitrification process. The rate at which denitrification occurs is
inversely proportional to the concentration of nitrates in the waste stream. In situ and ex
situ biological denitrification processes are considered highly effective based on test
results and previous remediation experience.

Spray irrigation is considered highly effective but limited to groundwater which
contains only nitrates and no concentrations of toxic metals or radionuclides.

Cost. The large volume of nitrate contaminated groundwater in the Hanford 100
Area may require parallel operation of multiple ex situ denitrification systems. The
capital costs for ex situ biodenitrification are expected to be high in comparison with
other ex situ biological groundwater and soil treatment technologies. The capital costs
for in situ biodenitrification are expected to be moderate in comparison with other in
situ groundwater and soil treatment technologies. Capital costs for spray irrigation are
expected to be low.

Operating costs for ex situ biodenitrification are expected to be high in
comparison with other groundwater and soil treatment technologies. Primary operating
costs are incurred for nutrients, organic carbon additives, and maintenance. Operating
costs for in situ denitrification are expected to be moderate in comparison with other in
situ groundwater and soil treatment technologies. The primary operating costs for in situ
denitrification result from injection of nutrients, organic carbon sources, and monitoring.
Operating costs for spray irrigation are expected to be low.
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2.10 IN SITU PHYSICAL TREATMENT

The following in situ physical treatment methods are discussed below:

* air stripping
* permeable treatment beds
* vapor extraction
* electro-kinetic separation.

2.10.1 Air Stripping

Applicability. VOC contaminated groundwater.

General Description. In situ air stripping is a variation of conventional air

stripping which occurs in a tray or packed tower. The mass transfer operation from

liquid to gas occurs in a subsurface trench excavated to a level below the water table or

in a horizontal well containing a perforated pipe or tube backfilled with gravel. The

gravel allows groundwater to percolate to the perforated pipe making contact with air

bubbles that strip VOCs from solution. The VOCs and air migrate to the surface where

they are vented to the atmosphere.

Implementability. The implementability of in situ air stripping technology is
limited by three factors; the variation in depth of excavation to groundwater at the
Hanford 100 Area; the potential for organic material adsorption in vadose zone soils;
and the acceptability of venting VOCs to the atmosphere. Engineering design can
overcome problems associated with depth. The technology is considered moderately
implementable due to potential regulatory impacts on venting to the atmosphere.

Effectiveness. In situ air stripping is considered highly effective for removal of

VOCs from groundwater. The effectiveness of the technology is complicated by the

depth to groundwater. Compressors must be sized to overcome both the groundwater
head and friction loss as air moves through the soil to the surface. The primary soil
characteristic influencing the effectiveness of in situ air stripping is gas permeability. A
gas permeability differential (i.e., clay barrier) above the air injection zone can reduce

the effectiveness of this technique by causing lateral instead of vertical migration of

contaminants (Angell 1992). The depth to groundwater is also a concern due to the

decreasing control of air migration in the soil with increasing depth to groundwater.
However, the actual effects of soil characteristics and depth to groundwater will be site-

specific and requires treatability testing to define.

Cost. Cost for in situ air stripping is considered to be moderate relative to other

in situ physical treatments for groundwater.
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2.10.2 Permeable Treatment Beds

Applicable Media. Contaminated groundwater.

General Description. A permeable treatment bed is constructed by excavating a
trench to a natural confining layer such as bedrock. The trench is then backfilled with a
porous treatment media that intercepts contaminants in the groundwater. Examples of
treatment media selected may include activated carbon for organic contamination,
limestone, or sodium carbonate which alters the solubility of contaminants such as heavy
metals and radionuclides. The permeable treatment bed is placed downgradient of
contamination and adsorbs contaminants as the groundwater flows through the treatment
media.

Implementability. Permeable treatment beds are most applicable where
contaminated groundwater is shallow and contaminant concentrations are low.
Implementability is difficult at the Hanford 100 Area because the large quantity of
contamination would require treatment media replacement and the treatment media
must adsorb, or form complexes with, a large range of contaminants.

Effectiveness. Effectiveness of this technology is limited due to the need for
contaminant specific media. Precipitation of insoluble contaminant salts may also cause
loss of the engineered permeability of the bed which could limit the effectiveness of this
treatment.

Cost. This treatment has the potential of being very expensive due to the need
for large quantities of treatment materials, extensive excavation, and removal of spent
material. Based on this, the cost of using permeable treatment beds is considered high
relative to other in situ physical groundwater treatment options.

2.10.3 Vapor Extraction

Applicability. VOC contaminated solid waste, groundwater, soils, and riverbank
sediments.

General Description. Vapor extraction is an in situ treatment option for
remediation of VOC contamination. A vacuum drawn on the vadose zone or buried
solid waste induces vaporization of VOCs. These contaminants are then drawn to an
extraction well and ultimately to secondary treatment such as venting, carbon adsorption,
or incineration (Kent et al., 1990). Refer to sections on steam stripping and air stripping
(also in situ air stripping) for variations of this technology. The technology may also be
applied on an ex situ basis to remove contaminants from containerized waste.

Implementability. Vapor extraction is considered a conventional technology with
broad application. The technology has been successfully applied as an interim action for
remediation of the carbon tetrachloride plume in the 200 Area of Hanford. The
extraction process may be adapted to a wide range of site conditions at the Hanford 100

C-61



DOE\RL-92-11
Draft B

Area operable units where VOC contamination requires remediation. The technology is
considered easily implementable.

Effectiveness. The physical properties of the contaminants that influence the
effectiveness of vapor extraction include vapor pressure, vapor density, liquid specific
gravity, vadose zone permeability, and contaminant solubility in water. The thickness of
the contaminated zone could influence the success of vapor extraction as the
effectiveness of the vacuum is inversely proportional to the contaminated zone thickness.
The effectiveness of this technology is considered moderate for groundwater in situ
application and highly effective for the porous soils at the Hanford 100 Area. The
effectiveness of in situ application to buried waste is uncertain. Volatile organic
compounds may be removed if the waste is porous and if the VOCs are not trapped in
containers.

Cost. The cost per cubic yard of contaminated soil remediated is generally less
than for excavation technology, but the cost per pound of organics removed can be high.
The capital costs for the initial system set-up should be similar to that for air stripping
technology. Extraction wells are required and certain capital equipment in the form of
blowers, surface piping, and secondary treatment equipment are also needed. Depth of
wells is difficult to estimate without pilot testing. The costs are low relative to other in
situ physical treatments for organic contamination remediation.

2.10.4 Electro-Kinetic Separation

Applicability. Organic and inorganic ion contamination in groundwater.

General Description. Electro-kinetic separation is an in situ physical treatment
method of separating contaminants and/or water from saturated -soils. The process
induces water and contaminant flow by passing a direct current through a soil mass
between positive (anodes) and negative (cathodes) electrodes (Steude and Tucker 1991).
This direct current induces movement of electricity (current flow), ions (ionic drift),
charged particles (electrophoresis), and water (electro-osmosis) (RAAS 1991). Remedial
applications of electro-kinetics rely on ionic drift and electro-osmosis. Through the use
of extraction wells, water and ionic contaminants are extracted at the anodes and anionic
contaminants are extracted at the cathodes.

Implementability. Remedial applications of electro-kinetics are in the
demonstration phase of development. The technology has been used for over fifty years
for industrial applications such as dewatering soils and sludges, removing salts from
agricultural soils, and increasing petroleum production (Stuede and Tucker 1991). This
method is considered applicable to saturated soils with a hydraulic conductivity less than
1xiO cm/sec (RAAS 1991). The implementability of electro-kinetic separation at the
Hanford 100 Area is considered to be uncertain due to the relatively high hydraulic
conductivity of the unconfined aquifer (approximately 101 cm/sec).
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Effectiveness. Laboratory experiments have shown that the technology effectively
mobilizes certain ionic species, such as acetic acid, while being ineffective for others,
such as sodium chloride (Stuede and Tucker 1991). The technology can potentially have
adverse effects on soil chemistry including mineral dissolution, precipitation of secondary
minerals, and an increase in soil pH (RAAS 1991). In addition, electrolysis of water
would generate hydrogen gas (RAAS 1991). The effectiveness of electro-kinetic
separation for treating Hanford 100 Area groundwater is uncertain due to limited
application and demonstration.

Cost. In situ electro-kinetic separation requires additional processes, such as
extraction wells and treatment systems, to perform groundwater remediation. Power
consumption is based on contaminant concentrations and the remedial time frame. The
cost of electro-kinetic separation is considered high due to additional processing and high
energy requirements.

2.11 IN SITU CHEMICAL TREATMENT

2.11.1 In Situ Chemical Precipitation

Applicability. Groundwater contaminated with heavy metals and radionuclides

General Description. In situ chemical precipitation is an innovative groundwater
treatment technique. The chemical precipitation reactions discussed here include any
technique which results in the production of insoluble precipitates by processes such as
chemical reduction and pH modification. Soluble contaminants such as heavy metals (in
particular hexavalent chromium) and possibly radionuclides may be treated in situ
(Thornton et al, 1991). Reagents are used which react with the metals to form relatively
immobile precipitates. The reagents have been used commercially to treat'plating wastes
ex situ and include sodium sulfide and ferrous sulfate in a near neutral pH base. This
combination of reagents has been used successfully at Tinker Air Force Base, Oklahoma
(Beller et al., 1989) to treat plating shop waste. Such an approach extrapolated for in
situ application is considered as an innovative process option.

A series of injection wells would be required to introduce the reagent(s) into the
groundwater in such a manner that the reagents become well mixed within the
contaminated plume.

Implementability. Implementability of this process option would be difficult with
regard to achieving adequate mixing of the reagents in situ. In situ injection and flow
are primarily plug flow processes and as such mixing would be difficult to achieve.
Adequate mixing would likely have to be accomplished by a recirculating
extraction/injection scheme. However, this poses difficulty of reinjecting water
containing precipitates, i.e., aquifer plugging problems may occur. Further development
and testing are required to prove the viability of the technique for in situ application.
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Effectiveness. The approach described above has been validated by actual
application to plating shop wastes containing heavy metals such as hexavalent chromium,
cadmium, copper, and nickel (Beller et al., 1989). The effectiveness of this approach for
treatment of groundwater contaminated with both heavy metals and radionuclides is
uncertain at this time due to the lack of specific in situ data. However, if it could be
demonstrated viable, the technical and cost benefits relative to conventional pump and
treat approaches are potentially very large. Therefore, in accordance with CERCLA FS
guidelines regarding consideration of innovative technologies, this approach is retained
for further consideration in the FS process.

Cost. The cost of this in situ treatment option using the sodium sulfide/ferrous
sulfate reagent is considered to be low relative to similar ex situ techniques (refer to
chemical reduction in Section 2.14.5) due to elimination of the need for a groundwater
treatment plant.

2.12 BIOLOGICAL TREATMENT

The following biological treatment methods are discussed below:

* bioreactors
* biodenitrification
* biosorption.

2.12.1 Bioreactors

Applicability. Organically contamination in soils, riverbank sediments, and
groundwater.

General Description. Bioreactor technology refers to ex situ degradation of
organic contaminants by microbial metabolic processes. Bioreactors used for processing
solids are mixing vessels that blend cultured bacteria, nutrients, oxygen (if reactor
conditions are aerobic), and contaminated waste under controlled temperature, pH, and
moisture conditions. Aqueous waste bioreactors consist of reactor vessels containing an
active bacteria population in suspension. Studies using porous materials have been
conducted; the bacteria adhere to the porous materials thereby increasing their activity
and available surface area. As the contaminated water flows through the reactor,
contaminants are consumed by bacteria. Effluent from bioreactors may be discharged or
removed for additional treatment.

Bioreactors enhance degradation by increasing the availability of contaminants
and nutrients to bacteria. Bioreactors maximize the rate at which bacteria can degrade
organic contaminants.

Implementability. Bioreactor technology is developed and commercially available
for remediation of organic contamination in the wastewater treatment industry (Busch
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1971). Bioreactors may be used to treat groundwater, soils, and riverbank sediments;
however, residence time in reactors may be long. Bioreactor technology is considered
moderately implementable for treatment of Hanford 100 Area groundwater, soils, and
riverbank sediments.

Effectiveness. Bioreactors are highly effective in treating organic contaminants
including halogenated materials, aromatics, and PCBs. Different types of soils (e.g. sand,
loam, clay) may be remediated in bioreactors. In addition, bioreactors may also be used
to treat fines, providing an advantage over other treatments such as soil washing.

The effectiveness of this technology is determined by the efficiency of mixing
components (bacteria, contaminants, and nutrients) and control of process variables (e.g.
temperature, pH, moisture content) (Bhattacharya 1992). Bioreactors are considered to
be highly effective for treatment of organically contaminated Hanford 100 Area soils,
riverbank sediments, and groundwater.

Cost. The cost of implementing bioreactor technology is considered high in
comparison to other ex situ biological treatment techniques. The number of reactors
required would depend on the number of different waste streams to be treated and the
process rate of each waste stream. Maintenance and operating costs are high and consist
of utility and monitoring requirements.

2.12.2 Biodenitrification

Refer to "biodenitrification" under In Situ Biological Treatment, discussed in
Section 2.9.2.

2.12.3 Biosorption

Applicability. Heavy metal ionic contamination in groundwater.

General Description. Biosorption is an ex situ biological treatment process for
the removal of heavy metals from aqueous waste streams. The process is based on the
natural affinity of microorganisms, such as algae cells, for heavy metal ions (EPA 1990c).
The system functions on the same principle as ion exchange, except that the ion
exchange resin is composed of algae-silica material. As with typical ion exchange resins,
the biological exchange resin can be recycled (EPA 1990c). In contrast to present ion
exchange technology, hard water constituents and monovalent cations do not significantly
reduce the efficiency of binding heavy metal ions to the algae-silica material (EPA
1990c).

The process is generally applicable to removal of metallic ions from aqueous
waste streams that are "hard" or contain high concentrations of solids in solution.
Specifically, the process can remove heavy metals such as aluminum, cadmium,

C-65



DOE\RL-92-11
Draft B

chromium, cobalt, copper, gold, iron, lead, manganese, mercury, molybdenum, nickel,
platinum, silver, uranium, vanadium, and zinc (EPA 1990c).

Implementability. Biosorption is an innovative treatment, but process treatment
systems are commercially available (EPA 1990:). Mobile and stationary treatment
equipment has been designed and manufactured with treatment capacities ranging from
1 to 100 gallons per minute (gpm). Implementability of biosorption for treatment of
Hanford 100 Area groundwater is considered difficult due to the limited operating
history and low demonstrated capacity.

Effectiveness. Biosorption technology is relatively new and performance
information is limited. The process has been successfully tested for remediation of
mercury contaminated groundwater (EPA 1990c). Treatability tests would be required to
establish the effectiveness of this process in removing heavy metal ions from Hanford
100 Area groundwater.

Cost. The cost of biosorption treatment of Hanford 100 Area groundwater is
expected to be moderate in comparison with other biological treatment technologies.
The capital cost for such a treatment system is expected to be moderate; however,
operating and maintenance costs are expected to be high due to the unproven status of
the technology. Spent biological exchange resins would require additional treatment that
would increase the cost of this treatment technology.

2.13 PHYSICAL TREATMENT

The following methods of physical treatment are discussed below:

* ion exchange
* evaporation: Passive
* media filtration
0 flocculation
* carbon adsorption
* air stripping

reverse osmosis
* ultrafiltration
* electrodialysis
* dissolved air flotation
* sedimentation
* steam stripping
* evaporation: Forced
* freeze crystallization
* supported liquid membrane.
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2.13.1 Ion Exchange

Applicability. Inorganic contamination, such as heavy metals and radionuclides, in
groundwater.

General Description. The ion exchange process binds ionic contaminants in
exchange for mobile ions of similar charge that are contained on organic resin beads or
powders, such as polystyrene, or on inorganic materials, such as zeolites. Both anions
(e.g., nitrate) and cations (e.g., heavy metals, radionuclides) can be removed from
solution by use of appropriate ion exchange media. The process involves pumping the
contaminated solution through vessels containing ion exchange resins. Configurations
and combinations of ion exchangers containing either cation or anion resins (or mixes)
may be specified to operate either in series or parallel based on the volume of
contaminated water to be treated. Resins are chemically regenerated using concentrated
salt or acid solutions which result in a secondary waste requiring treatment.

Implementability. Ion exchange is commercially available and proven for
radioactive wastewater treatment (RAAS 1991). The technology is used extensively at
the Hanford Site for radionuclide separation in nuclear material processing operations.
Pretreatment of the waste stream might be necessary to remove materials such as oils,
suspensions, colloids, and bacteria (Moghissi et al., 1986). Thus, for aqueous waste
streams with many contaminants such as those present at the Hanford 100 Area, ion
exchange is considered easily implementable as a unit operation in wastewater and
groundwater treatment systems.

Effectiveness. Ion exchange is highly effective for removal of low concentrations
of ionic species (up to approximately 2,500 ppm) (RAAS 1991). Contaminants such as
iron and manganese can precipitate and foul the resin beds. Based on the information
reported in Section 2.0 of this report (Table B-1), ion exchange technology is considered
to be a highly effective unit operation in groundwater and wastewater treatment systems.

Cost. Cost of ion exchange is considered to be high relative to other physical
treatment technologies applicable to groundwater. Cost is influenced by the exchange
media required, the regeneration process required for the exchange media, as well as the
volume and condition of the stream requiring treatment. The key drawback of ion
exchange is the large quantity of waste from the regeneration process that would require
additional treatment for volume reduction and disposal. If the regeneration process is
not used high costs associated with disposal and replacement are incurred.

2.13.2 Evaporation: Passive

Refer to "Evaporation Ponds" under Wastewater Disposal, discussed in
Section 2.8.3.
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2.13.3 Media Filtration

Applicability. Suspended solids in groundwater.

General Description. Media filtration removes solids from suspension by using
media, such as diatomaceous earth, to prevent clogging of porous filtration membranes
by fine particulates and suspended solids. Filtration is a common pretreatment step for
most other technologies such as ion exchange, membrane separation processes (e.g.,
reverse osmosis, ultrafiltration), and carbon adsorption (EPA 1987). Media filtration
may also be used to dewater slurry or sludge byproducts from processes such as
evaporation.

Implementability. Media filtration is commonly used in water treatment plants
for solids removal. This technology is considered easily implementable as either a
pretreatment operation or a concentration process.

Effectiveness. Media filtration is a highly effective method for removal of solids
from a liquid. The technology has broad application in a range of wastewater treatment
systems.

Cost. The cost of implementing this technology is low relative to other
wastewater treatment technologies. Media filtration is neither maintenance nor labor
intensive.

2.13.4 Flocculation

Applicability. Inorganic contamination, such as heavy metals and radionuclides, in
groundwater.

General Description. Flocculation is a physical process where inorganic
contaminants are coagulated by the addition of chemicals such as ferric chloride,
aluminum sulfate, and high molecular weight polymers into particles large enough to
facilitate removal (Freeman 1989). Flocculation is effective in removing suspended
solids and has been used at LANL as a unit operation for concentration of alpha-
emitting radionuclides (DOE 1990f). The process may be used in conjunction with other
technologies such as precipitation and filtration. Residue from this process requires
secondary sludge treatment to reduce volume and eliminate liquids for disposal.

Implementability. Flocculation systems are commonly used in the wastewater
treatment industry and have been installed for treatment of radioactive wastewater. The
process is moderately implementable due to the need for additional treatment processes
and significant characterization of the waste stream.

Effectiveness. Flocculation is considered to be a moderately effective technology
for use as a unit operation in a Hanford 100 Area groundwater treatment system. The
process is typically used in conjunction with other processes as noted above.

C-68



DOE\RL-92-11
Draft B

Cost. The cost of this process is moderate relative to other physical treatment
technologies for groundwater due to the need for coagulating reagents. Treatability tests
would be required to determine types and dosages of flocculants, and both of these
factors directly influence cost.

2.13.5 Carbon Adsorption

Applicability. Organic contamination in groundwater and VOC contaminated
vapors.

General Description. Carbon adsorption is a treatment process used to remove
organic contamination from aqueous wastes and extracted vapors. Activated carbon
(processed to increase surface to volume ratio) possesses a natural affinity for adsorbing
organic constituents (EPA 1987). The activated carbon is "spent" when its adsorptive
capacity is depleted and can be regenerated or replaced. The process equipment consists
of granular activated carbon beds housed in cylindrical columns or disposable canisters.
The contaminated gas or liquid is fed through the media allowing adequate residence
time to strip contaminants (Corbitt 1990).

Implementability. Carbon adsorption is commercially available and is easily
implementable for organically contaminated groundwater and secondary gaseous effluent
from vapor extraction or air-stripping processes. The process could be implemented at
the Hanford Site 100 Area as a treatment for dissolved product in groundwater and as a
secondary treatment step for vapor extraction.

Effectiveness. Literature indicates that the process is best applied to VOCs and
organic contaminants with the following physical properties: high boiling point, low
solubility, and low polarity (EPA 1987). Contaminants in the Hanford 100 Area media
that meet these characteristics include VOCs in soil and groundwater, and non-volatiles
such as tetrahydofuran. Overall carbon adsorption is considered moderately effective for
removing organic contaminants of concern at the Hanford 100 Area.

Cost. The capital cost of carbon adsorption is considered moderate relative to
other physical treatments options. A significant factor that influences cost is the
regeneration of spent carbon that requires steam-stripping and secondary treatment of
contaminants. Activated carbon replacement costs are incurred if regeneration is not
feasible. These costs are high and include disposal of the spent carbon. Overall, the
cost of carbon adsorption for treatment of Hanford 100 Area groundwater is considered
moderate relative to other physical treatment options.

2.13.6 Air Stripping

Applicability. VOC contamination in groundwater

General Description. Air stripping is a technique used to remove VOCs from
water by transferring the contaminants to an air stream. A stripping tower consists of a
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cylindrical shell filled with either packing material or a series of perforated plates which

promote contact between the air and water streams and enhance the mass transfer of

VOCs. The waste stream flow is directed downward from the top of the tower, counter-
current to the air flow. The dissolved compounds diffuse out of the water into the air

and exit from the top of the tower. Depending on air emission requirements, the air
leaving the system may need to be treated with carbon adsorption or thermal treatment
units.

Implementability. Air stripping is considered an easily implementable,
conventional technology. The process is well understood and has been implemented at

many remediation sites. Implementation of air stripping at the 100 Area would be suited
to several of the operable units where VOCs are contaminants of concern.

Effectiveness. Air stripping is highly effective for VOCs that have low water
solubility and high vapor pressure, but has limited effectiveness for other hydrocarbons.
Factors affecting design include: flow rate, contaminant versus effluent concentration
stripping ratio, contaminant type, and concentration. The extent of secondary treatment
processes required for the system would be dependent on water and air emission
standards.

Cost. The cost of air stripping is influenced by the need for secondary treatment
of effluents to meet emission requirements. Costs for the secondary treatment would be

dependent on the replacement and handling of carbon units or costs for a thermal
treatment unit. Capital and operating costs of the stripping unit are expected to be low.
Many manufacturers produce the equipment in modular components for easy transport
and assembly. Minor costs would be experienced in maintaining the packing material
through acid cleaning or replacement. Operating costs of the unit consist primarily of
power costs for the air blower.

2.13.7 Reverse Osmosis

Applicability. Low concentrations of inorganic contamination in groundwater and
wastewater streams.

General Description. The reverse osmosis process is the application of high
pressure to a concentrated solution, thereby forcing.solvent (water) through a
semipermeable membrane (EPA 1987) that filters contaminants from the waste stream.
This separation process is used to remove all suspended solids and most dissolved
minerals in the solution (Moghissi et al., 1986).

Implementability. The technique is commercially available and implementable as
a unit operation in a Hanford 100 Area groundwater treatment system. The technology
has been applied in the nuclear power industry as a pretreatment step prior to
evaporation and solidification and could be used to concentrate Hanford 100 Area

groundwater contaminants. The process is moderately implementable due to the need
for secondary treatment of both concentrates and effluent.
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Effectiveness. Reverse osmosis is a highly effective process for heavy metal and
mineral concentrations. The membrane can be fouled by some suspended solids or
organics and certain low solubility salts. Pretreatment would be required in such
instances to effectively operate this technology. The reverse osmosis concentrate, and
potentially the effluent, would require solidification prior to disposal.

Cost. The cost of reverse osmosis is considered high relative to other physical
treatment technologies for aqueous waste. Costs are determined by factors such as
secondary treatment of concentrate effluent (e.g., solidification, drying/calcination,
vitrification), down time associated with membrane fouling, and system capacity
requirements.

2.13.8 Ultrafiltration

Applicability. Contaminated groundwater (high molecular weight contaminants,
greater than 100 grams/mole), and effluent from other treatment processes.

General Description. The ultrafiltration process is similar to reverse osmosis
where contaminated aqueous waste is forced through a membrane under pressure,
trapping colloids, suspended solids (Moghissi et al., 1986), and high molecular weight
organic molecules. In contrast to reverse osmosis, this process uses a lower operating
pressure and a more porous membrane, and is therefore less sensitive to fouling.

Implementability. The ultrafiltration process is commercially available and
implementable for aqueous waste streams as described above. Like reverse osmosis, the
process is moderately implementable due to the need for secondary treatment of both
concentrates and effluent.

Effectiveness. Ultrafiltration is more effective than reverse osmosis for the
removal of colloids, suspended solids, and high molecular weight organic contaminants.
Ultrafiltration would not capture soluble species with molecular weights less than 100
grams/mole, thus the effluent would still contain contaminants such as cobalt-60,
nitrates, and strontium-90.

Cost. The cost of ultrafiltration is high relative to other physical waste treatment
technologies for groundwater, due to the need for secondary treatment for both
concentrate and effluent prior to disposal.

2.13.9 Electrodialysis

Applicability. Low concentrations of inorganic contamination in groundwater.

General Description. The electrodialysis process was first used to desalinize salt
water for potable purposes. Salts and minerals, in ionic form, are removed by a direct
current which induces ion migration through a plastic membrane (Corbitt 1990). The
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electrodialysis process concentrates inorganic contaminants into a brine which may then
be treated further by evaporation and solidification.

Implementability. In principle, this technique would be applicable to Hanford
100 Area groundwater as an innovative application of a conventional technology. The
technique is not proven in complex systems containing radionuclides, and treatability
tests would be necessary to determine whether or not the technology is applicable to
Hanford 100 Area groundwater.

Effectiveness. Effectiveness of this treatment has not been determined for the
types of applications expected at the Hanford 100 Area. Treatability tests would be
required to determine effectiveness.

Cost. Assuming that the treatment is both implementable and effective, costs for
this treatment are of the same magnitude as other membrane filtration technologies,
such as reverse osmosis, although operating costs for electrodialysis are higher due to
power requirements.

2.13.10 Dissolved Air Flotation

Applicability. Fine solids or suspended solids in groundwater or other wastewater
streams.

General Description. Dissolved air flotation involves saturating an aqueous waste
with air then introducing the waste stream into a pressure reducing vessel. The reduced
pressure atmosphere forces air out of solution forming bubbles. Fine solids adhere to
the bubbles, (an action that can be enhanced with froth forming agents), rise through the
solution, and are skimmed off to concentrate the contaminant fines.

Implementability. The process described above is actually a variation of a
common mining process in which metals are concentrated by froth flotation. The
process is readily implementable on waste streams containing entrained fine solids with
densities close to that of water (EPA 1987). Dissolved air flotation has limited
application to Hanford 100 Area groundwater because fines and suspended solids are not
the primary contaminants. If another treatment process produces such a waste stream,
dissolved air flotation would become implementable.

Effectiveness. The technology is effective, under limited circumstances, to
aqueous waste streams contaminated with fines or suspended solids having densities
close to that of water.

Cost. The cost of implementation is considered moderate due to the availability
of this technology in the mining industry. Operating and maintenance costs are also
considered low due to the capability of automating such a system.
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2.13.11 Sedimentation

Applicability. Pretreatment of groundwater or process waste streams containing
large particles in suspension.

General Description. Sedimentation is a physical separation of particles entrained
in a liquid by inducing settling with gravitational or inertial forces (NRC 1981).
Entrained particles may include particulates, colloidal solids, and flocculent suspensions
(Corbitt 1990).

Implementability. The sedimentation process is readily implementable and is
commercially available. This technology has limited applicability for the primary waste
streams at the Hanford Site.

Effectiveness. The sedimentation process is highly effective on waste streams
containing relatively large particles. However, the effectiveness for the contaminants of
concern in the waste streams, such as groundwater, at the Hanford 100 Area is limited.

Cost. The cost of sedimentation is low relative to other treatment technologies.
Sedimentation requires minimal energy, labor, maintenance, and capital costs.

2.13.12 Steam Stripping

Applicability. Organic contamination in groundwater, soils, and riverbank
sediments.

General Description. Steam stripping is an enhancement to air stripping (refer to
previous discussion under "air stripping") where steam is used to increase the efficiency
of organic transfer from contaminated aqueous waste to a vapor phase. The liquid-vapor
extraction process occurs in a conventional air stripping packed or tray column using
steam instead of air as the extraction media. The contaminated liquid feed and steam
travel counter-current to each other resulting in an organic rich vapor and stripped liquid
effluent. The vapor may then be condensed to separate organics from water. Steam
stripping may also be used to strip adsorbed organics in media such as soil.

Implementability. Steam stripping is commercially available and would be an
implementable technology for Hanford 100 Area groundwater and soil contaminated
with organics. Other treatments would be required in conjunction with steam stripping,
such as incineration or carbon adsorption of the organic-rich vapors.

Effectiveness. Steam stripping is considered to be highly effective in the removal
of all contaminants that can be treated by air stripping and in addition, can also be used
to remove more soluble and less volatile contaminants.

Cost. The cost for steam stripping is much higher than air stripping due to
additional energy costs associated with steam and the energy required to heat the
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contaminated media. As is the case with air stripping, this unit operation requires
secondary treatment before residues are in a final waste form. Such additional treatment
also influences the cost for this technology.

2.13.13 Evaporation: Forced

Applicability. Nonvolatile inorganic and organic contamination in groundwater,
and effluents from other treatment processes.

General Description. Forced evaporation is a volume reduction technique that
results in either a sludge or a concentrated solution of nonvolatile contaminants. The
process involves vaporization to separate the volatile solvent (water) from nonvolatile
contaminants such as heavy metals, suspended solids, and radionuclides (Moghissi et al.,
1986). Vaporization is induced by raising the temperature of the waste stream
mechanically by vapor recompression or in an evaporator. Vapor may then be
separated, condensed, and discharged. The sludge or concentrate can be solidified,
dried, or calcined. Forced evaporation is used extensively at Hanford in radioactive
waste management.

Implementability. Forced evaporation is a moderately implementable,
commercially available technology that has been applied in the nuclear power industry
(Moghissi et al., 1986). Forced circulation evaporators in particular have been used
successfully to concentrate low purity liquid wastes with conductivity higher than 100
pmho/cm (Moghissi et al., 1986).

Effectiveness. Forced evaporation is highly effective in concentrating nonvolatile
contaminants into sludges or concentrated liquors. Contaminants such as tritium, iodine,
and krypton isotopes as well as volatile organics would vaporize and thus may require
additional treatment or pretreatment.

Cost. The cost of forced evaporation is considered high relative to other physical
treatment technologies for groundwater. Key cost factors for application of this
technology include energy, materials for reactor vessels, and secondary treatment systems
required for disposal of sludges and concentrated liquors.

2.13.14 Freeze Crystallization

Applicability. Dissolved inorganic and organic contamination in groundwater.

General Description. Freeze crystallization concentrates solutes such as heavy
metals and partially soluble organics by selectively freezing contaminated water into pure
ice crystals. The ice crystals are mechanically separated, washed, and melted to produce
clean water. The remaining concentrate requires additional treatment prior to disposal
(RAAS 1991). Processes such as evaporation followed by solidification for inorganics
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and phase separation followed by incineration for organic contamination are examples of
remediation technologies used in conjunction with freeze crystallization.

Implementability. Freeze crystallizatiop is an innovative approach for reducing
the volume of contaminated groundwater. The technology has not been applied to
groundwater remediation where contaminant concentrations are very dilute. Based on
these considerations freeze crystallization would be difficult to implement.

Effectiveness. The process may be capable of producing up to 99.9 percent
removal efficiencies from different types of waste water. The process has been tested for
metal-refinishing wastes, pickle liquors, acidic and basic solutions (Freeman 1989), paper
mill bleach solutions, organically contaminated wastewater (examples of contaminants:
acetic acid, methanol, aromatic compounds), arsenal redwater, and ammonium nitrate
wastewater. Tests on Hanford 100 Area groundwater would be required to determine
the effectiveness of freeze crystallization. The technology is considered to have limited
effectiveness because contaminants could remain in solution and be frozen and because
of the difficulties associated with eutectic mixtures.

Cost The implementation of the freeze crystallization process would require
freezing thousands of gallons of water per minute in order to treat all the groundwater.
Secondary treatments such as incineration and solidification would be required. The cost
of this treatment is considered to be high relative to other groundwater treatment
technologies based on energy consumption and the need for secondary treatment
systems.

2.13.15 Supported Liquid Membrane

Applicability. Dissolved inorganic contamination in groundwater.

General Description. Supported liquid membrane filtration is a variation of other
membrane separation processes such as reverse osmosis and ultrafiltration. A supported
liquid membrane consists of a micro-porous membrane containing a carrier (an organic
phase) held in place by capillary forces. Liquid membranes typically have higher
diffusion coefficients than do solid polymer-based membranes; therefore, higher flux
rates can be obtained. Carriers are used to increase membrane selectivity and currently,
experimental work is in progress to design carriers for specific applications.

Implementability. Supported liquid membrane implementability is uncertain at
the present stage of development. The technology has been used for desalinization and
hydrogen concentration. Work on more general classes of chemicals is still in the
laboratory stage. Field testing would be required to determine implementability.

Effectiveness. Due to the current level of development, the effectiveness of this
process as applied to the Hanford 100 Area contaminated groundwater is uncertain.
Treatability studies would be necessary to determine effectiveness.
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Cost. The cost of implementing supported liquid membrane processes at the
Hanford 100 Area is uncertain due to the current level of development.

2.14 CHEMICAL TREATMENT (GROUNDWATER)

The following methods of chemical treatment are discussed below:

* chemical oxidation
0 precipitation
* tritium treatment
0 alkali metal dechlorination
0 wet-air oxidation
* chemical reduction.

2.14.1 Chemical Oxidation

Refer to "Solid Waste Technology Descriptions" under Chemical Treatment,
discussed in Section 1.14.1.

2.14.2 Precipitation

Applicability. Inorganic contamination in groundwater.

General Description. Precipitation is an ex situ chemical treatment that reduces
the solubility of inorganic contaminants by pH adjustment-and chemical reaction to
produce insoluble salts (EPA 1987). Such salts may then be concentrated by filtration
technologies (refer to various filtration processes described previously under Physical
Treatment). In general, heavy metals in ionic form, including radionuclides, are readily
precipitated as either sulfides (under acidic conditions) or hydroxides (under alkaline
conditions) (Corbitt 1990). Precipitation is typically used in conjunction with other
treatment processes such as filtration, ion exchange, or flocculation.

Implementability. Precipitation is a readily implementable, commercially
available treatment technology for removal of certain heavy metals and radionuclides
from contaminated groundwater and other secondary wastewater streams. The process is
considered moderately implementable at the Hanford Site for use in aqueous waste
treatment systems.

Effectiveness. Precipitation is an effective method of removing inorganic
contaminants that form insoluble salts (typically as hydroxides and sulfides); however,
other contaminants of concern in Hanford aqueous wastes such as tritium and isotopes of
iodine do not form precipitates. Also, lixiviating (chelating and complexing) agents can
interfere with the precipitation process (EPA 1987). Therefore, precipitation is
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considered to be moderately effective in removing inorganic contaminants from Hanford
100 Area aqueous waste streams.

Cost. The cost of precipitation is considered moderate relative to other chemical
treatment technologies for groundwater due to the need for additional treatment
processes. Contaminants that do not readily form precipitates would require other
treatment options. Also, removal and solidification of precipitate residues would be
required.

2.14.3 Tritium Treatment

Applicability. Tritium contamination in groundwater.

General Description. A number of tritium enrichment techniques have been used
in the production of thermonuclear materials. These processes have been used to enrich
and concentrate tritium (Jacobs 1968). Examples include: electrolysis which involves
dissolution of water resulting in gaseous hydrogen, oxygen, and a concentrate containing
tritium; thermal diffusion where partial demixing of gases occurs due to a temperature
gradient and tritium migrates toward the cold region; and distillation, which is based on
the principle that the rate of escape of an atom from a liquid is inversely proportional to
its mass.

Implementability. The volume of groundwater requiring treatment in relation to
the capacity of the tritium treatment systems make these process very difficult to
implement.

Effectiveness. Very dilute tritium could possibly be concentrated by the processes
described above; however, sufficient enrichment of the tritium to allow unlimited general
use of the groundwater is uncertain. Therefore, the effectiveness of tritium separation is
judged uncertain for groundwater cleanup applications.

Cost. The groundwater macroengineering report indicates that disposal of tritium
in the PUREX Plant results in costs that are three orders of magnitude greater than
NRC guidelines for cost effectiveness (WHC 1991d). On this basis, tritium treatment
costs are judged to be extremely high relative to all other chemical treatment processes
applicable to groundwater.

2.14.4 Wet-Air Oxidation (Supercritical Water Oxidation)

Applicability. Organic contamination in groundwater.

General Description. Organic contaminants may be oxidized to produce carbon
dioxide and water under conditions of elevated temperature and pressure. Two
variations of this technology are wet-air oxidation and supercritical water oxidation
(presented in order of increasing temperature and pressure). Operating conditions of
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temperatures up to 600*F and pressures up to 200 atmospheres are necessary for wet-air
oxidation (Min et al., 1991). Organic contaminants may be partially oxidized to lower
molecular weight compounds or completely oxidized under these conditions.
Supercritical water oxidation is similar to wet-air oxidation, but uses a temperature and
pressure above the critical point of water (705.5*F and 218.3 atmospheres) (RAAS
1991). Most organic compounds are completely miscible in the water fluid above the
critical point, and this ensures thorough mixing for more complete oxidation.

Implementability. Both wet-air (commercially available) and supercritical water
(innovative process) oxidation techniques are best used for heavily contaminated non-
halogenated aqueous waste streams that ensure self-sustaining reactions. Limited
information concerning organic contamination exists. Should characterization efforts
indicate organic contamination is present, this technology would be difficult to
implement.

Effectiveness. Supercritical water oxidation is highly effective, yielding 99.99
percent oxidation efficiency for heavily contaminated waste streams (EPA 1987). Wet-
air oxidation is not as effective, but offers cost savings. The technology would not be
effective for the low concentrations such as those present at the Hanford 100 Area.

Cost. Wet-air and supercritical oxidation require reactor vessels capable of
withstanding elevated temperatures and pressures. The reactor must be constructed of
noncorroding material to prevent degradation by chemical attack. Both processes
require large amounts of energy to maintain operating conditions. Capital and operating
costs are considered high relative to other chemical treatment options.

2.14.5 Chemical Reduction

Applicability. Hexavalent chromium ion contamination in groundwater.

General Description. The hexavalent chromium species chromate and dichromate
are prevalent in Hanford 100 Area groundwater. Chemical reduction of hexavalent
chromium results in highly insoluble trivalent chromium compounds (Thornton et al.,
1991; Thornton 1991). Reagents such as ferrous sulfate under acidic conditions have
been tested successfully for hexavalent chromium reduction. The work cited above
proposed chromium reduction as an in situ treatment. The work done to this point also
indicates that competing reactions in the presence of Hanford soils can be expected. For
this reason, and due to the innovative nature of this process, the evaluation of this
technology is based on using the process ex situ for groundwater under more controlled
conditions.

Implementability. Due to its similarity to other chemical treatments, chemical
reduction of hexavalent chromium is considered moderately implementable as an ex situ
process, but tests would be required to ascertain effects of other chemical species in
groundwater.
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Effectiveness. The chemical reduction process is innovative. Significant
laboratory work has resulted in identification of several potentially useful reagents and
operational conditions. This technique is considered moderately effective due to limited
work and the lack of a large scale demonstration.

Cost. The costs for hexavalent chromium chemical reduction are considered
moderate relative to other chemical treatment technologies for groundwater, due to the
need for additional treatment processes, such as removal (by filtration) and solidification
of the resulting suspended solids.

2.15 SURFACE DISPOSAL

The following methods of surface disposal are discussed below:

* surface discharge
* columbia River
* above-/below-ground tanks.

2.15.1 Surface Discharge

Applicability. Groundwater

General Description. Surface discharge refers to the disposal of groundwater into
a soil column. Historically, contaminated aqueous wastes were disposed to the soil
column which theoretically acted as an absorptive filter for organic contaminants. This
past practice has resulted in extensive soil and groundwater contamination and thus
precludes its application for disposal of contaminated liquids. However, surface
discharge would be applicable for the disposal of treated waste waters and waters
containing tritium.

Implementability. Surface discharge of treated aqueous wastes is implementable
at Hanford. This form of disposal has been used extensively in past waste disposal
practices and is well developed. Compliance with applicable regulatory standards or
ARAR waivers would be required for implementation of surface discharge disposal for
treated waste water.

Effectiveness. Surface discharge is not an effective method of disposal for
contaminated groundwater since it does not protect the environment. Discharge of
treated groundwater may be acceptable if tritium concentrations above MCLs are
acceptable.

Cost. The cost of surface discharge is low. Excavation would be required for
construction of disposal facilities such as infiltration ponds. Inoperable disposal facilities
would typically be decommissioned and replaced by a new facility. Gravity operated flow
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systems would not require operating resources and standard pumping systems would be
required on other flow systems.

2.15.2 Columbia River

Applicability. Groundwater

General Description. Discharge to the Columbia River is another disposal
method applicable only to treated groundwater. Historically, this method of disposal has
been used for discharge of reactor coolant water. This past practice disposal method has
resulted in the spread of contamination and thus precludes its application for the
disposal of contaminated liquids. However, discharge to the Columbia River would be
applicable for the disposal of treated waste waters which meet regulatory discharge
standards.

Implementability. Discharge to the Columbia River of treated aqueous wastes
which meet regulatory standards is implementable at the Hanford 100 Area. This form
of disposal has been used extensively in past waste disposal practices and is well
developed. Compliance with applicable regulatory standards, such as the National
Pollutant Discharge Elimination System (NPDES) under the Clean Water Act (CWA),
are required for discharge of treated waste water to the Columbia River. Discharge of
contaminated groundwater to the Columbia River would not be acceptable since the

practice would not protect the environment.

Effectiveness. Discharge to the Columbia River would be an effective method of
disposal for treated waste water. The technique has been used effectively for disposal of
contaminated aqueous wastes in past waste disposal practices at the Hanford 100 Area.
As noted above, the practice would not be effective for disposal of contaminated
groundwater.

Cost. The cost to discharge treated waste water to the Columbia River is low.
This disposal technique may require construction of outfall structures, similar to those
used in past disposal practices, or installation of a pipeline to the river. In either case,
implementation of such a disposal system is relatively inexpensive.

2.15.3 Above-/Below-Ground Tanks

Refer to "Above-/Below-Ground Tanks" under Wastewater Disposal, discussed in
Section 2.8.2.

2.16 SUBSURFACE DISCHARGE

The following subsurface discharge methods are discussed below:
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* deep-well injection
* reinjection into aquifer
* crib disposal.

2.16.1 Deep-Well Injection

Refer to "Deep-Well Injection" under Wastewater Disposal, discussed in Section
2.8.1.

2.16.2 Reinjection into Aquifer

Applicability. Groundwater

General Description. Reinjection into the aquifer refers to the disposal of treated
groundwater in an aquifer, or as proposed in the groundwater macroengineering study
(WHC 1991d), injection of contaminated groundwater into a 200 Area aquifer to allow
natural attenuation and dilution of contaminants. In this FS, groundwater is assumed to
be returned to the unconfined aquifer beneath the 100 Area using injection wells or
cribs.

Implementability. Injection well technology is well developed and considered to
be technically implementable. Institutional implementability would depend on adequate
removal of contaminants, acceptability of natural attenuation of tritium, and in the case
of untreated groundwater, the acceptability of groundwater disposal in an aquifer that
may not be isolated from receptors. Institutional implementability is considered difficult
based on the acceptance by regulatory agencies. .

Effectiveness. Benefits of reinjection include control of the hydraulic gradient.
Groundwater could be effectively isolated in another aquifer.

Cost. The cost of reinjecting into the unconfined aquifer is moderate in
comparison to other groundwater disposal techniques. Injection well construction and
pumping requirements are the primary capital costs. Operating costs involve utility and
labor requirements for continuous operation. Periodic maintenance of injection wells
and pump replacement may also be required.

2.16.3 Crib Disposal

Applicability. Treated groundwater.

General Description. Crib disposal is a subsurface liquid discharge technique
which allows wastewater to percolate through the soil column to the groundwater. The
particles of the soil column essentially act as filters by adsorbing contaminants. A crib is
generally a large width, shallow concrete box, open at the bottom and typically filled with
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rocks, sand, and/or gravel. Liquid is dispersed over the large area of rocks and allowed
to percolate down to groundwater.

Implementability. Crib disposal is a well developed technology that has been
used at Hanford since the 1940s. Regulatory acceptance of this disposal technique is
questionable; however, crib disposal at Hanford would be easily implementable based on
past experience with the method.

Effectiveness. The effectiveness of crib disposal in protecting human health and
the environment is dependent on the contaminant concentrations present in the treated
groundwater. In general, crib disposal is considered to be highly effective for disposal of
treated groundwater.

Cost. The cost of implementing crib disposal for treated groundwater is judged to
be low in comparison to other subsurface discharge techniques. Construction of crib
disposal facilities involves excavation, concrete construction, rock emplacement, and
installation of a liquid dispersion system. Each of these activities is standard practice in
the construction and earth moving industry.

3.0 SOILS AND RIVERBANK SEDIMENTS TECHNOLOGY DESCRIPTIONS

3.1 ACCESS RESTRICTIONS

Refer to "Solid Waste Technology Descriptions" under Access Restrictions,
discussed in Section 1.1.

3.2 MONITORING

Refer to "Solid Waste Technology Descriptions" under Monitoring, discussed in
Section 1.2.

3.3 CAPPING

Refer to "Solid Waste Technology Descriptions" under Capping, discussed in
Section 1.3.

3.4 HORIZONTAL BARRIERS

Refer to "Solid Waste Technology Descriptions" under Horizontal Barriers,
discussed in Section 1.4.
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3.5 VERTICAL BARRIERS

Refer to "Solid Waste Technology Descriptions" under Vertical Barriers, discussed
in Section 1.5.

3.6 RUN-ON/RUNOFF CONTROL

Refer to "Solid Waste Technology Descriptions" under Run-On/Runoff Control,
discussed in Section 1.6.

3.7 REMOVAL

Refer to "Solid Waste
Section 17.

Technology Descriptions" under Removal, discussed in

3.8 ON-SITE DISPOSAL

Refer to "Solid Waste Technology Descriptions" under On-Site Disposal, discussed
in Section 1.8.

3.9 OFF-SITE DISPOSAL

Refer to "Solid Waste Technology Descriptions" under Off-Site Disposal, discussed
in Section 1.9.

3.10 IN SITU STABILIZATION/SOLIDIFICATION

The following methods of in situ stabilization/solidification are discussed below:

S

0

S

grout injection
vibration-aided grout injection
shallow soil mixing
fixants

* vitrification
* ground freezing
* dynamic compaction.

3.10.1 Grout Injection

Refer to "Solid Wastes Technology Descriptions" under Grout Injection, discussed
in Section 1.10.1.
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3.10.2 Vibration-Aided Grout Injection

Refer to "Solid Wastes Technical Descriptions" under Vibration-Aided Grout

Injection, discussed in Section 1.10.2.

3.10.3 Shallow Soil Mixing

Applicability. Contaminated soils and riverbank sediments.

General Description. Shallow soil mixing (SSM) is an in situ method of mixing
soils and riverbank sediments with chemical compounds to produce a solidified mass.
SSM has been designed for applications up to 30 feet deep using a crane-mounted
mixing head. The mixing head blades are enclosed within a cylinder that opens to
introduce soil. The cylinder is closed, solidification additives are introduced, and the
mixing head blades blend the materials into a uniform mixture. The mixture is then
discharged and the process is repeated at an adjacent location until the entire site is
treated. Negative pressure is maintained in the mixing head cylinder to induce flow of
dust and vapor into an air treatment system.

Implementability. SSM technology is considered moderately implementable at
the Hanford 100 Area. The technology may prove especially useful for preparing an
area for a cover (refer to "capping" descriptions in Section 1.3) or for temporary
stabilization of soils prior to removal. The SSM process has been demonstrated to
depths of 30 feet or more, but may require site specific pilot testing to verify actual
penetration depth at the Hanford 100 Area.

Effectiveness. The SSM process may not effectively contain contamination at
depths required at the Hanford 100 Area, but may be suited to shallow containment or
in conjunction with other capping technologies. The potential for weathering of the
exposed surfaces of the solidified mass should be considered. SSM could be used in
conjunction with other technologies such as caps to effectively contain contamination.

Cost. The cost of SSM is considered high relative to other in situ stabilization
technologies. SSM uses solidification compounds similar to other in situ techniques.
Operational costs would be a function of the size of contaminated sites to be stabilized.

3.10.4 Fixants

Applicability. Contaminated surface soils and riverbank sediments.

General Description. Fixants are in situ treatment methods to control fugitive
dust from contaminated areas. They may be applied to the surface of soils and
riverbank sediments to prevent airborne contamination and to suppress dust during
operations, such as excavation. Many types of resins, polymers, foams, and bituminous
materials are available for use as fixants. Application of fixants is a simple process
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utilizing readily available equipment such as water trucks equipped with spray heads.
These trucks are commonly used for highway construction projects or for large scale
construction operations where dust control is required.

Implementability. Application of fixants is a common dust control method and
can be accomplished with readily available construction equipment. Fixants can be
applied to large areas and would be considered easily implementable at the Hanford 100
Area.

Effectiveness. Fixants are effective for short periods of time and are affected by
weather conditions, amount of traffic, and vegetation growth. The use of fixants is
considered effective for short-term applications such as dust control during excavation.
The benefits of long-term contaminant control would not be satisfied and other
containment methods would be required. Fixants are considered to be ineffective for the
Hanford 100 Area.

Cost The cost of using fixants is considered low relative to other technologies.
The cost is dependent on the type of fixant selected with polymer fixants generally the
most expensive.

3.10.5 Vitrification

Refer to "Solid Wastes Technology Descriptions" under Vitrification, discussed in
Section 1.10.3.

3.10.6 Ground Freezing

Applicability. Contaminated soils and riverbank sediments.

General Description. Ground freezing is an in situ stabilization/solidification
technique for contaminated soils and riverbank sediments. The process can also be
employed to create a subsurface barrier in saturated soils or riverbank sediments (refer
to "cryogenic barriers" discussed previously). Moisture in soils and riverbank sediments
may be frozen to trap contaminants within the frozen zone. The frozen ground is
significantly less permeable to infiltration and also reduces the mobility of toxic
contaminants.

Implementability. Ground freezing is an innovative technology. Hanford 100
Area soils do not have sufficient moisture to stabilize contaminated areas and addition of
water could potentially mobilize contaminants. Therefore, ground freezing is judged not
implementable.

Effectiveness. Ground freezing for stabilization/solidification is a new application
of the technology. Based on experimental work, the approach is judged to be generally
ineffective for application at the Hanford 100 Area but may potentially be effective
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where the contamination depth is shallow. Long-term effectiveness (even for shallow
contamination), however, is highly questionable and this application is judged not
effective for application at the Hanford 100 Area.

Cost. Ground freezing for stabilization/solidification purposes would be very
expensive. Capital costs for an extensive coolant circulation system are high. Operating
costs for maintaining soils and riverbank sediments in a cryogenic state for the entire
Hanford 100 Area would be moderate. The overall cost of ground freezing is judged to
be high for these reasons.

3.10.7 Dynamic Compaction

Refer to "Solid Waste Technology Descriptions" under Dynamic Compaction,
discussed in Section 1.10.4.

3.11 IN SITU BIOLOGICAL TREATMENT

The following methods of in situ biological treatment are discussed below:

* enhanced soil bioremediation
* biodenitrification
* land farming.

3.11.1 Enhanced Soil Bioremediation

Applicability. Organic contamination in soils and riverbank sediments.

General Description. Enhanced soil bioremediation is an in situ biological
treatment process to remove organic contaminants from soils and riverbank sediments.
The treatment utilizes bacteria indigenous to the soil or bacteria that have been
specifically cultured to degrade particular contaminants. Nutrients added to the soil can
stimulate growth of indigenous bacteria and enhanced degradation capabilities. Bacteria
specially cultured to degrade a particular contaminant can be added to the soil in
controlled quantities.

Enhanced soil bioremediation involves circulating water that carries nutrients or
cultured bacteria through the area of contamination. This water is typically allowed to
percolate into the contaminated site from the surface. Hydrogen peroxide may also be
injected as an oxygen source to sustain aerobic conditions. Residual products and
additives are then recovered for recirculation into the site and the process is continued
until contaminant concentrations at the site satisfy cleanup goals. The applicability of
the treatment would be controlled by the effective circulation of the nutrient or cultured
bacteria solutions. Barriers may be used to collect the percolated water for removal by
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extraction wells. Otherwise, construction of infiltration trenches or subsurface drains
may be required.

Implementability. Enhanced soil bioremediation is an innovative technology.
The process depends on the geologic and hydrologic characteristics of the site. These
characteristics must be favorable to the recirculation of nutrient or cultured bacteria
solutions. Ideal conditions include highly permeable soils and a relatively shallow
groundwater table.

Implementation of enhanced soil bioremediation would ultimately depend on the
presence of other contaminants within the soil. Inorganic contaminants such as heavy
metals and radionuclides could be leached from the soil during injection and introduced
into the groundwater. Regulatory acceptance of the methodology would need to be
considered. Enhanced soil bioremediation is considered difficult to implement at the
Hanford 100 Area due to the potential for spreading contamination into the
groundwater.

Effectiveness. Enhanced soil bioremediation has been demonstrated for
remediation of petroleum contaminated sites in California (Molnaa and Grubbs, no
date). The process is complicated and requires control of parameters including bacteria
stimulation or augmentation, temperature, pH, nutrient concentration, moisture content,
and oxygen availability. Treatability tests would be necessary to determine the
effectiveness of this treatment at the Hanford 100 Area. The method is most effective
when the subsurface soils are highly permeable, the soil to be treated is within 20 to 30
feet of the surface, and the groundwater table is within 30 feet of ground surface
(Molnaa and Grubbs, no date). The effectiveness of this treatment technology is
uncertain due to the depths of contamination and groundwater at the Hanford 100 Area.

Cost. The cost of soil bioremediation is high relative to other in situ degradation
processes for soils and riverbank sediments. The capital costs for soil bioremediation
system include an extensive injection/extraction well system with pumps, filters, and
solution holding tanks. Operating costs result from utility requirements, continuous
monitoring, and water additives such as nutrients, bacteria, and hydrogen peroxide.

3.11.2 Biodenitrification

Refer to "Groundwater Technology Descriptions" under Biodenitrification,
discussed under Section 2.9.2.

3.113 Land Farming

Applicability. Petroleum fuels contamination in soils.

General Description. Land farming is an in situ biological treatment using
bacteria to degrade organic contaminants in soils. Bacteria indigenous to the soil or
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specially cultured can be used depending on the soil characteristics. Nutrients added to
the soil can enhance degradation by indigenous bacteria. Cultured bacteria can be
added to the soil in specified quantities.

Land farming involves the aeration of soils by tilling while simultaneously adding
constituents required to induce and control biodegradation. These additives may include
nutrients such as nitrogen and phosphorus, bacteria (if necessary), moisture, and pH
modifiers. In situ land farming is limited to shallow contamination applications. Ex situ
land farming requires excavation and spreading of the contaminated soil in shallow lifts
for remediation.

Implementability. Land farming has been applied successfully at sites involving
releases of petroleum fuels to soils. The process involves tilling contaminated soils to
incorporate additives and ensure the presence of sufficient oxygen. Thus, land farming is
only applicable to shallow contamination depths. In addition, land farming in the
presence of inorganic contaminants such as heavy metals and radionuclides could
potentially spread contamination to the groundwater or surface environment. Land
farming is considered implementable at the Hanford 100 Area for special applications
involving petroleum fuel contaminated soils.

Effectiveness. Land farming is a complicated process and requires control of
parameters such as bacteria stimulation or augmentation, temperature, pH, nutrient
concentration, moisture content, and oxygen availability. Land farming is considered
effective for petroleum fuel contaminated soils which do not involve other contaminants
such as metals or radionuclides.

Cost. The cost of land farming is low in comparison with other in situ biological
treatment technologies. The process requires only occasional monitoring, tilling, and
incorporation of additives. Land farming is neither maintenance nor labor intensive.

3.12 IN SITU CHEMICAL TREATMENT

3.12.1 Soil Flushing

Applicability. Organic and inorganic contamination in soils and riverbank
sediments.

General Description. Soil flushing is an in situ treatment method similar to soil
washing. Soil flushing uses extractant agents to remove contaminants from soils or
riverbank sediments. Flushing agents may include water, surfactants, solvents, or
detergents which dissolve contaminants physically or agents which remove contaminants
chemically such as lixiviating agents, acidic/basic solutions, or reducing/oxidizing agents,
whose effectiveness may be enhanced by heat.
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The soil flushing process is similar to leaching operations in the mining industry
where a solution is allowed to percolate through soil by gravity or forced injection.
Contaminants are released from the soil and carried in the flushing solution to the
groundwater. Contaminated flushing solution and groundwater are then recovered
downgradient through extraction wells. Recovered wastewater is treated to separate
contaminated flushing agents from clean water. Contaminated flushing agents can be
treated for reuse in the process or treated for disposal while clean water may be injected
back into the aquifer.

Implementability. Soil flushing is considered an innovative technology. Bench
scale, pilot plant, and field tests have been conducted for removal of organic and heavy
metal contaminants (Steude and Tucker 1991). Implementation of a soil flushing process
at the Hanford 100 Area is dependent on the characteristics of the soil and the
underlying aquifer. Soil and groundwater characteristics must be conducive to injection
and extraction of flushing solutions. Soil flushing has not received widespread regulatory
acceptance because of the need for injecting flushing agents and the potential for
mobilization of contamination to the groundwater. The process requires that mobilized
contaminants be withdrawn from the groundwater surface by extraction wells or galleries.
Soil flushing is considered difficult to implement based on these factors.

Effectiveness. The effectiveness of soil flushing depends on the characteristics of
the soil and contaminants. Soil flushing is most effective for a single contaminant or
multiple contaminants with similar solubility characteristics. Difficulties involved with
soil flushing include limiting reactions to contaminants, monitoring and controlling
progress, directing treatment through the soil, preventing soil pore plugging, and meeting
current requirements for residual contaminant levels in treated soils. Treatability tests
would be required to determine the effectiveness of soil flushing for removing
contaminants of concern at the Hanford 100 Area. Due to the process difficulties
described above, the effectiveness of soil flushing is limited.

Cost. The large volume of contaminated soils and riverbank sediments in the
Hanford 100 Area may require multiple soil flushing systems operating in parallel. The
capital costs involved with soil flushing are expected to be moderate in comparison with
other in situ soil treatment technologies. However, costs associated with secondary
treatment equipment for contaminated flushing solutions would be significant.

Operating costs for soil flushing are expected to be moderate in comparison with
other in situ soil/sediment treatment technologies with the exception of flushing solution
costs. Continuous operation of injection/extraction wells and continuous wastewater
treatment would require frequent equipment maintenance, significant energy usage, and
a large supply of flushing agents.

3.13 IN SITU PHYSICAL TREATMENT

The following methods of in situ physical treatment are discussed below:
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0 vapor extraction
* steam stripping
a soil flushing
0 RF heating
* electrical soil heating.

3.13.1 Vapor Extraction

Refer to "Groundwater Technology Descriptions" under Vapor Extraction,
discussed in Section 2.10.3.

3.13.2 Steam Stripping

Refer to "Groundwater Technology Descriptions" under Steam Stripping,
discussed in Section 2.12.12.

3.13.3 Soil Flushing

Refer to "Soil Flushing" under In Situ Chemical Treatment, discussed in Section
3.12.1.

3.13.4 RF Heating

Applicable Media. Organic contamination in soils and riverbank sediments.

General Description. Radio frequency (RF) heating is an in situ treatment
process where organic compounds are volatilized by radio frequency energy transmissions
to the soils or riverbank sediments. The technology is used to enhance the efficiency of
contaminant removal by other technologies such as vapor extraction. The energy flux
supplied by RF may be scaled from 2 to 45 megahertz depending on the application. A
large energy flux is required for thermal decomposition of semi-volatile compounds,
moderate energy flux to vaporize liquids, and low energy flux to provide a thermal driver
for VOCs. The gases driven out of the ground are collected on the surface with a vapor
barrier or collection system.

Implementability. RF heating is an innovative technology where electrodes
placed horizontally on the surface above a contaminated zone transmit radio waves
through the soil to contaminants. The technology is an unobtrusive method for
enhancing migration of organic contaminants to the surface. Implementation of RF
heating requires other technologies, such as vapor extraction, carbon adsorption, or vapor
incineration, for collecting and processing the volatilized organic contaminants. RF
heating is considered easy to implement at the Hanford 100 Area.
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Effectiveness. This technology has not been tested for applications similar to the
Hanford 100 Area. The maximum depth of radio frequency penetration that would
effectively volatilize organic contaminants is unknown. Moisture in the soil increases
energy flux requirements to volatilize both the moisture and contaminants. At this stage
of development, no definitive statement can be made concerning the effectiveness of RF
heating at the Hanford 100 Area. Treatability studies would be required to assess the
effectiveness of the process. However, RF heating is considered to have limited
effectiveness because of the depth of soil contamination in the 100 Area.

Cost. Cost for RF heating is considered to be high relative to other in situ
physical treatment options based on high energy needs and the necessity for separate
collection and treatment processes. Type of contaminants, soil moisture, and
contamination depth all influence the energy requirements of the process. RF heating is
not a complete treatment method and would require a collection system such as vapor
extraction and a treatment system such as carbon adsorption.

3.13.5 Electrical Soil Heating

Applicability. Organic contamination in soils and riverbank sediments.

General Description. Electrical soil heating is an in situ soil treatment to extract
and destroy organic contaminants. The process is under development at Battelle Pacific
Northwest Laboratory (Stuede and Tucker 1991). The process occurs in two phases:
soils are first heated to remove moisture and volatilize organic contaminants; then the
organic compounds are decomposed by reaction with superoxide radicals and ozone
(created by an air-ion system). Surface containment and subsurface vapor control are
provided by an above grade off-gas system.

Implementation. Electric soil heating is an innovative treatment process which
has been laboratory and bench-scale tested, with pilot-scale tests planned for 1992
(Stuede and Tucker 1991). Bench-scale tests were performed using sands, clays, and
loams, with moisture contents ranging from 10 to 55 weight percent (Steude and Tucker
1991). Hanford 100 Area soils are mostly sand and cobbles with approximately 10
percent moisture by weight. The results of these tests suggest electrical soil heating may
be applicable to Hanford 100 Area soils; however, treatability tests would be required to
determine implementability. The process is considered to be difficult to implement due
to limited operational experience.

Effectiveness. Laboratory and bench-scale tests have shown electrical soil heating
to be effective in removing and destroying organic contaminants such as trichloroethane
in sand. The maximum depth of contamination at which electric soil heating can be
effectively applied is unknown. Because of the limited operational experience,
treatability tests would be necessary to establish the effectiveness of the process. The
technology is judged to have limited effectiveness due to the depth of contamination in
soils at the Hanford 100 Area.
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Cost. Electrical soil heating systems require high capital output for power
generators (50-KW represents pilot-scale), off-gas collection systems, and off-gas
treatment systems. The operating costs are very high due to energy consumption
requirements. Overall, electrical soil heating is considered to be a very high cost process
option in comparison to other in situ physical treatment methods.

3.14 THERMAL TREATMENT

Refer to "Solid Waste Technology Descriptions" under Thermal Treatment,
discussed in Section 1.11.

3.15 STABILIZATION/SOLIDIFICATION

Refer to "Solid Waste Technology Descriptions" under Stabilization/Solidification,
discussed in Section 1.12.

3.16 PHYSICAL TREATMENT

The following methods of physical treatment are discussed below:

* vapor extraction
* soil washing
* steam stripping.

3.16.1 Vapor Extraction

Refer to "Groundwater Technology Descriptions" under Vapor Extraction,
discussed in Section 2.10.3.

3.16.2 Soil Washing

Applicability. Organic and inorganic contamination in soils and riverbank
sediments.

General Description. Soil washing is an ex situ treatment process that involves
the removal of contaminants from soils or riverbank sediments using combinations of
classification, mechanical scouring, and cleaning agents such as water, surfactants, and
detergents (EPA 1990c; RAAS 1991). The soil washing process is most effective when
contamination is concentrated in the fine fraction of soils. The fine fraction is separated
for secondary treatment or disposal while coarse materials are washed. The coarse
fraction may be rinsed, monitored for residual contamination, and returned to the site or
recirculated through the washing process. Contaminated soil fines may be separated
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from the cleaning solution and treated for disposal by processes such as solidification or
vitrification. The contaminated cleaning solution may be treated for reuse in the process
or treated for disposal using processes such as ion exchange or precipitation. Physical
washing of soil would use water only. Physical soil washing may be enhanced chemically
using lixiviants, acidic/basic solutions, or reducing/oxidizing agents which promote
dissolution of adsorbed contaminants. If chemicals are used the process is referred to as
chemical soil washing.

Implementability. Soil washing is considered an innovative technology. Soil
washing systems are currently being developed and tested for removal of organic and
heavy metal contaminants (EPA 1989a; EPA 1990c). A smaller fraction of fines would
remain for disposal or secondary treatment. A soil washing process at the Hanford 100
Area is considered moderately implementable but subject to treatability tests.

Effectiveness. The effectiveness of soil washing is dependent on the
characteristics of the soil and contaminants. Radionuclides, organics, heavy metals, and
inorganic ion contamination may be found in the Hanford 100 Area soils. Treatability
tests would be required to determine the effectiveness of soil washing for removal of the
contaminants of concern. The buffering capacity of soils can reduce the effectiveness of
chemical soil washing. Limited information on Hanford soils indicates a fairly high
buffering capacity. Although chemicals can be added to overcome this buffering
capacity, the effectiveness of the process is considered uncertain in the absence of
treatability test results.

Cost. The large volume of contaminated soils and riverbank sediments at the
Hanford 100 Area may require multiple soil washing units operating in parallel. Soil
washing system capacities range from 6 to 40 tons of soil per hour (RAAS 1991). The
capital costs involved with soil washing are expected to be moderate in comparison with
other ex situ soil treatment technologies. However, additional treatment equipment for
contaminated cleaning solutions may significantly increase system costs.

Operating costs for soil washing are expected to be moderate to high in
comparison with other ex situ soil treatment technologies. The large scale equipment
required for this process would be automated and therefore require a smaller labor
force. The majority of operating costs would result from utility requirements and
replenishment of cleaning agents. Maintenance costs would be a function of the
operating requirements and life expectancy of the system as well as the corrosivity of the
contaminants and cleaning agents.

3.16.3 Steam Stripping

Refer to "Groundwater Technology Descriptions" under Steam Stripping,
discussed in Section 2.12.12.
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3.17 CHEMICAL TREATMENT

The following methods of chemical treatment are discussed below:

* chemical oxidation
* soil washing
* alkali metal dechlorination.

3.17.1 Chemical Oxidation

Refer to "Solid Waste Technology Descriptions" under Chemical Oxidation,
discussed in Section 1.14.1.

3.17.2 Soil Washing

Refer to "Soil Washing" under Physical Treatment, discussed in Section 3.16.2.

3.17.3 Alkali Metal Dechlorination

Applicability. Halogenated contaminants in soils and riverbank sediments.

General Description. Chemical dechlorination strips chlorine from organic
compounds by reaction with alkali metals or in the presence of a catalyst. Alkali metals
possess great affinity for chlorine or any halide. A new dechlorination reagent is
referred to as alkali metal/polyethylene glycols (A/PEG). A/PEG reacts rapidly to
dehalogenate compounds.

Catalysts may also be used under ambient conditions to substitute hydrogen for
chlorine but the process does not completely dechlorinate most organic chemicals.
Catalysts include nickel chloride in alcohol and platinum-based catalysts. Catalytic
processes occur at elevated temperatures. and pressures (up to 375*C and 50
atmospheres).

Implementability. The technology for alkali metal dechlorination is commercially
available for small applications. The technology is innovative and is considered
moderately implementable for soils and riverbank sediments.

Effectiveness. Dechlorination with an alkali metal is considered an effective
method for dehalogenating organic materials. The effectiveness is limited because most
reagents are reactive with water.

Cost. The costs associated with this technology are high due to safety and
packaging requirements. Capital costs for equipment and operating costs for reagents
and safety considerations are high.

C-94



DOE\RL-92-11
Draft B

3.18 BIOLOGICAL TREATMENT

The following methods of biological treatment are discussed below:

* bioreactors
* land treatment
* biodenitrification.

3.18.1 Bioreactors

Refer to "Groundwater Technology Descriptions" under Bioreactors, discussed in
Section 2.11.1.

3.18.2 Land Treatment

Applicability. Organic contamination in soils and riverbank sediments.

General Description. Land treatment is an ex situ biological treatment of organic
contaminants in soils. The treatment involves the use of bacteria to degrade organic
contaminants. Bacteria indigenous to the soil or specially cultured bacteria can be used
depending on the soil characteristics. Added soil nutrients promote the growth of
indigenous bacteria which enhances degradation. Cultured bacteria can be added to the
soil in specified quantities.

Land treatment involves excavating contaminated soils and placing the soil on a
lined treatment cell. This technique allows better control of treatment parameters such
as depth of soil and exposed surface area, temperature, nutrient concentration, moisture
content, and oxygen availability. The liner provides a barrier to contaminant migration,
thereby protecting the groundwater.

Implementability. Land treatment is an innovative technology that has been
demonstrated for remediation of petroleum contaminated sites (Molnaa and Grubbs, no
date). Implementability of land treatment for degradation of organic contaminants is
based on the depth of contamination and available space; the depth of contamination
must be compatible with standard excavation practices and sufficient space must be
available for placement on the lined cell. Land treatment is considered moderately
implementable at the Hanford 100 Area due to the availability of excavation techniques
and treatment space.

Effectiveness. Land treatment is a complicated process that requires control of
parameters such as bacteria stimulation or augmentation, temperature, pH, nutrient
concentration, moisture content, and oxygen availability. Treatability studies to
determine effectiveness of land farming at the Hanford 100 Area would be required.
Containment of the treatment area is essential to prevent airborne mobilization of
contaminants such as heavy metals and radionuclides. Land treatment is therefore

C-95



DOE\RL-92-11
Draft B

considered to have limited effectiveness for treatment of Hanford 100 Area soils and
riverbank sediments.

Cost. The cost of land treatment is low in comparison with other biological
treatment technologies. Lined treatment cells and process control additives are
inexpensive. Land treatment requires occasional tilling to incorporate nutrients and
monitoring to ensure process control and determine contamination concentrations. The
process is neither maintenance nor labor intensive.

3.18.3 Biodenitrification

Refer to "Groundwater Technology Descriptions" under Biodenitrification,
discussed in Section 2.11.2.
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Table C-1. Solid Waste Technologies and Process Options
(Page 1 of 2)

Technology Process Option

Access Restrictions Fencing
Deed Restrictions

Monitoring Leachate Monitoring

Capping Asphalt Based Covers
Concrete-Based Covers
Soil/Clay, Covers
RCRA Multi-media Caps
Hanford Barriers
Synthetic Covers
Vitrification

Horizontal Barriers Grout Injection
Cryogenic Walls
Vitrification

Vertical Barriers Slurry Walls
Grout Curtains
Sheet Pilings
Cryogenic Walls
Biological Barriers

Run-On/Run-Off Control Diversion/Collection
Grading
Revegetation

Removal Demolition
Excavation

On-Site Disposal Trenches/Pits
Vaults
Tumulus
RCRA Landfills

Off-Site Disposal RCRA Landfills
DOE Disposal Facilities
Geologic Repositories

In Situ Stabilization/Solidification Grout Injection
Vibration-Aided Grout Injection
Vitrification
Dynamic Compaction

CT-la
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Table C-1. Solid Waste Technologies and Process Options
(Page 2 of 2)

CT-lb

Technology Process Option

Thermal Treatment Thermal Desorption
Incineration
Pyrolysis
Metal Melting
Molten Solids Processing

Stabilization/Solidification Bitumen-Based
Cement-Based
Polymer-Based
Vitrification

Physical Treatment Size Reduction
Segregation/Sorting
Repackaging
Metal Decontamination

Chemical Treatment Chemical Oxidation
Acid Digestion
Hydrolysis
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Table C-2. Groundwater Technologies and Process Options
(Page 1 of 2)

CTr-2a

Technology Process Option

Access Restrictions Water Rights Restrictions
Deed Restrictions

Monitoring Well-Point Monitoring
Groundwater Monitoring

Alternate Water Supply Columbia River
Extension of Nearby Sources

Horizontal Barriers Same as Solid Waste

Vertical Barriers Same as Solid Waste

Hydraulic Control Extraction Wells
Extraction Drains/Trenches

Groundwater Extraction Extraction Wells
Extraction Drains/Trenches
Aquifer Mining

Wastewater Disposal Deep-Well Injection
Above-/Below-Ground Tanks
Evaporation Ponds

In Situ Biological Treatment Enhanced Groundwater Bioremediation
Biodenitrification

In Situ Physical Treatment Air Stripping
Permeable Treatment Beds
Vapor Extraction
Electrokinetic Separation

Biological Treatment Bioreactors
Biodenitrification
Biosorption
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Table C-2. Groundwater Technologies and Process Options
(Page 1 of 2)

CT-2b

0
Technology Process Option

Physical Treatment Ion Exchange
Evaporation: Passive
Media Filtration
Flocculation
Carbon Adsorption
Air Stripping
Reverse Osmosis
Ultrafiltration
Electrodialysis
Dissolved Air Flotation
Sedimentation
Steam Stripping
Evaporation: Forced
Freeze Crystallization
Supported Liquid Membrane

Chemical Treatment (Groundwater) Chemical Oxidation
- Precipitation

Tritium Treatment
Wet-Air Oxidation
Chemical Reduction

Surface Disposal Surface Discharge
Columbia River
Above-/Below-Ground Tanks

Subsurface Discharge Deep-Well Injection
Reinjection into Aquifer
Crib Disposal
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Table C-3. Soils and Riverbank Sediments Technologies and
(Page 1 of 2)

Process Options

Technology Process Option

Access Restrictions Same as Solid Waste

Monitoring Same as Solid Waste

Capping Same as Solid Waste

Horizontal Barriers Same as Solid Waste

Vertical Barriers Same as Solid Waste

Run-On/Run-Off Control Same as Solid Waste

Removal Excavation

On-Site Disposal Same as Solid Waste

Off-Site Disposal Same as Solid Waste

In Situ Stabilization/Solidification Grout Injection
Vibration-Aided Grout Injection
Shallow Soil Mixing
Fixants
Vitrification
Ground Freezing
Dynamic Compaction

In Situ Biological Treatment Enhanced Soil Bioremediation
Biodenitrification
Land Farming

In Situ Chemical Treatment Soil Flushing

In Situ Physical Treatment Vapor Extraction
Steam Stripping
Soil Flushing
RF Heating
Electrical Soil Heating

Thermal Treatment Thermal Desorption
Incineration
Pyrolysis
Molten Solid Processing

Stabilization/Solidification Same as Solid Waste

CT-3a
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Table C-3. Soils and Riverbank Sediments Technologies and Process Options
(Page 1 of 2)

Technology Process Option

Physical Treatment Vapor Extraction
Soil Washing
Steam Stripping

Chemical Treatment Chemical Oxidation
Soil Washing
Alkali Metal Dechlorination

Biological Treatment Bioreactors
Land Treatment
Biodenitrification
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APPENDIX D

100 AREA CONTAMINATED GROUNDWATER VOLUME ESTIMATES
AND

CONTAMINATED RIVERBANK SEDIMENT VOLUME ESTIMATES
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APPENDIX D
100 AREA CONTAMINATED GROUNDWATER VOLUME ESTIMATES

Objective

To estimate the volume of contaminated groundwater in the 100 Area.

Sources

1. Jacquish, R. E. and R. W. Bryce, May 1990, "Environmental Monitoring at
Hanford for 1989," Pacific Northwest Laboratory, Richland, Washington,
Tritium and Nitrate plume maps, pp. 5.7 through 5.17.

2. Ammerman, J., "Scaled Map of the 100 Area," 1991, Westinghouse Hanford
Company (WHC).

3. Personal communication with Pacific Northwest Laboratory. Top of Ringold
Middle Member and water table contour maps were obtained from an
unpublished report.

Assumptions

1. Only groundwater above the top of the Middle Ringold Member is potentially
contaminated (the groundwater in the unconfined aquifer).

2. The tritium and nitrate plumes (due to their mobility) encompass all other
contaminant plumes.

3. The porosity of the Hanford Formation is 20%.

Conclusion

It is estimated that approximately 4.8 billion gallons of contaminated groundwater
lie beneath the 100 Area.

Methodology

The plume maps for both tritium and nitrate were projected onto a map of the
100 Area (Figure D-1). The degree of matching was very good; however, there was
some deviation near the southern end. This deviation was minimized by obtaining a best
fit of the shoreline for each reactor area prior to tracing the plume on the map.

Once the maps were properly aligned, each contaminant plume was traced onto
the map. The result combines individual contaminant plumes into a single composite
plume. The horizontal extent could then be estimated.
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An overlay grid with 1/4 kilometer spacing was used to calculate the horizontal
extent of each plume in Figure 1. The results for each reactor area are listed below.

Area Area Estimate (km2)

100 B/C 1.0
Northeast of 100 B/C 2.3
100 N and 100 D/DR 8.8
100 H 1.2
100 F 16,5

Total 100 Area 29.8

Finally, the thickness of the contaminated groundwater was estimated. Figure D-2
is a contour map of the Top Surface of the Middle Member of the Ringold Formation.
Figure D-3 is a contour map of the water table. The potentially contaminated aquifer
lies between the top of Ringold Middle Member and the water table (Assumption 1).
By subtracting these surfaces, an aquifer thickness of approximately 10 feet was derived
throughout the 100 Area and along the Columbia River to the 300 Area. The two maps
have different scales (10 feet for the water table versus 100 feet for the Ringold
Member) and this difference may have introduced some error in the estimate of the
groundwater thickness.

Assuming a porosity of 20% for the Hanford Formation (Assumption 3), the
contaminated groundwater volume can be estimated from the following equation.

VOLUME (gallons) = AREA (ft2 ) * 10 ft * 7.48 gal/ft3 *0.20

The result is 4,800,000,000 gallons (641,000,000 ft3 or 23,700,000 yd3 ) of
contaminated groundwater.

CONTAMINATED RIVERBANK SEDIMENT VOLUME ESTIMATES

Objective

To estimate the volume of contaminated riverbank sediments in the 100 Area.

Sources

1. Jacquish, R. E. and R. W. Bryce, May, 1990 "Environmental Monitoring at
Hanford for 1989," Pacific Northwest Laboratory, Richland, Washington,
Tritium and Nitrate plume maps, pp. 5.7 through 5.17.

2. Drawing H-1-52166, "100 Area Topographic Mapping," sheets I through 55.
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3. River stage information from conversations with Greg Rupert of the United
States Geological Survey, Water Resources Division, Pasco, Washington.

4. Ammerman, J., "Scaled Map of the 100 Area," 1991, Westinghouse Hanford
Company, (WHC), Richiand, Washington.

Assumptions

1. Groundwater contaminants were distributed vertically through the soil as bank
storage increased (as the river flooded).

2. Since the beginning of Hanford operations, no groundwater-contaminated soil
has existed above the highest flood level.

3. No groundwater-contaminated soil exists below the minimum river level due to
dilution of contaminants.

4. The difference between maximum flood and minimum river level is constant
throughout the 100 Area, and equal to that at the recording station 2.6 miles
down-stream of Priest Rapids Dam.

5. The average bank slope calculated is correct for the extent of each
contamination plume.

6. Contamination exists where ever a contaminant plume intersects the Columbia
River.

7. The tritium and nitrate plumes encompass all other contaminant plumes due
to their mobility.

Conclusion

It is estimated that approximately 8,320,000 bank cubic meters of 100 Area
riverbank sediments are contaminated. Using a swell factor of 15%, this is 9,568,000
loose cubic meters or 12.5 million loose cubic yards.

Methodology

The plume maps for both tritium and nitrate were projected onto a map of the
100 Area (Figure D-4). The degree of matching was very good; however, there was
some deviation near the southern end. This deviation was minimized by obtaining a best
fit of the shoreline for each area prior to tracing the plume on the map.

Once the maps were properly aligned, each contaminant plume was traced onto
the map. The result combines individual tritium and nitrate plumes into composite
plumes of contaminated groundwater. A single composite plume runs from the 100-N
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Area to the 100-D/DR Area. From these composite plumes, the face length of
contamination was then estimated.

The face length was estimated by marking off fractions of a kilometer along the
shoreline. A division of 100 meters (0.1 km) accurately matched the shoreline contour.
Points chosen along each plume near obvious landmarks (fence line intersections,
islands, etc.) were used for reference to the topographic maps (Reference 2). The 100
Area topographic mapping drawing (H-1-52166) was used to estimate the slope of the
beach near the river at each point. At least three slopes were calculated for each
composite plume (see Figure D-5). The slopes were then averaged for the composite
plume.

River stage information was obtained from the United States Geological Survey,
Pasco, Washington, for the maximum and minimum river elevations. The extremes are
local and occurred after the reactors began operation (circa 1943). The difference in
river stage is used as a basis for estimating the vertical extent of contamination in the
riverbank (see Assumptions 1, 2 and 3). The maximum river level occurred on June 12,
1948 at 432 feet, national geodetic vertical datum (ngvd). The minimum river level
occurred on November 3, 1985 at 396.53 feet (ngvd). The difference between the two
levels is 35.5 feet or 10.8 meters.

The cross sectional area of potentially contaminated riverbank sediments was
calculated as the area of a right triangle which has a height equal to the maximum flood
stage minus the minimum flow stage and a base calculated using the average bank slope
determined for each contaminant plume. A conservative five meters of additional
horizontal extent was applied to all areas except 100-K An exception was made at 100-
K for two reasons: 1) the K-reactors were not in operation at the time of the 1948
maximum flood; and 2) the bank slope is sufficiently shallow at 100-K that the resulting
estimate would be excessive. Data for these calculations are presented in Table D-1.

The volume of potentially contaminated sediments was estimated by multiplying
the area of the above triangular cross section, Figure D-5, by the riverbank distance
determined through the mapping exercise. The resulting volume is 8,320,000 cubic
meters.
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Figure D-1. 100 Area Map: Contaminated Groundwater Calculations
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Figure D-2. Structural Top Surface of the Middle Ringold
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Figure D-3. Geology of the Water Table
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Figure D-4. 100 Area Map: Contaminated Riverbank Sediments Calculations
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2. Zero additional depth added to ensure no overlap with existing source units.
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APPENDIX E

100 AREA WASTE UNITS
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i V 115 H

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH
NUMBER UNIT DATES (feet) PRIORITY

SITE

RETENTION BASINS

116-B-11 107-B retention basin 100-BC-1 1944-1968 450 x 230 x 24 Yes

116-C-5 107-C retention basin 100-BC-1 1952-1969 16 x 330 (diameter) Yes

1 16-D-7 107-D retention basin; 100-DR-1 1944-1967 467 x 230 x 24 Yes
107-D

116-DR-9 107-DR retention basin; 100-DR-1 1950-1965 600 x 273 x -20 Yes
107-DR

1 16-F-14 107-F retention basin; 107-F 100-FR-1 1945-1965 450 x 230.x 24 Yes

1 16-H-6* 183-H solar evaporation 100-HR-1 1973-1985 26,400 sq. ft. Yes
basins

116-H-7 107-H retention basin; 100-HR-1 1949-1965 600 x 273 x 20 Yes
107-H

116-KE-4 107-KE retention basin; 100-KR-1 1955-1971 25 x 250 (diameter) Yes
107-KE

116-KW-3 107-KW retention basin; 100-KR-1 1944-1970 29 x 250 (diameter) Yes
107-KW I I I I

OUTFALL STRUCTURES

116-B-7 1904-Bl outfall structure 100-BC-1 1944-1968 27 x 14

116-B-8 1904-B2 outfall structure 100-BC-1 1944-1968 27 x 14

132-C-2 1904-C outfall; 116-C-4 100-BC-i 1952-1969 Unknown

I.'
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WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH
NUMBER UNIT DATES (feet) PRIORITY

SITE

116-D-5 1904-D outfall structure 100-DR-1 1944-1967 60 x 24 Yes

116-DR-5 1904-DR outfall structure; 100-DR-1 1950-1965. 27 x 14 Yes
1904-DR

116-F-8 1904-F outfall structure 100-FR-1 1945-1965 27 x 14 t"r

PNL outfall 100-FR-1 ?-1963 Unknown

1 16-H-5 116-H-5 outfall structure; 100-HR-1 1949-1965 27 x 14 1
1904-H outfall structure

116-K-3 1904-K outfall structure; 100-KR-1 1955-present 32 x 32
1908-K outfall structure

Source: DOE-RL 1991a; DOE 1990a-f; DOE 1991a-f
7 Exact service dates unknown.
* RCRA TSD Unit

i
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WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

PLUTO CRIBS

116-B-3 105-B pluto crib 100-BC-i 1951-1952 lox lox 11 Yes

116-C-2A 105-C pluto crib; 116-C-2 100-BC-2 1952-1968? 140 x 100 x 20

116-C-2B 105-C pluto crib pump station; 100-BC-2 1952-1969 10 x 8
116-C-2-1

116-C-2C 105-C pluto crib sand filter; 100-BC-2 1952-1969 23 x 16 x 6
116-C-2-2

116-D-2 105-D pluto crib 100-DR-1 1950-1952 10 x lox 10 Yes

116-DR-4 105-DR pluto crib 100-DR-2 1952-1953 10 x 10 x 15

116-F-4 105-F pluto crib 100-FR-1 1950-1956? 10 X10 x 10

116-H-4 105-H pluto crib 100-HR-1 1950-1952 4 x 4 x 2 Yes

DUMMY/PERF DECONTAMINATION CRIBS

116-B-4 105-B dummy decontamination 100-BC-1 1957-1968 20 x 4 (diameter)
french drain; 105-B dummy
decontamination disposal crib

116-B-6A Ill-B crib No. 1; 116-B-6-1 100-BC-i 1951-1968 12 x 8 x 15 Yes

116-B-6B 11-B crib No. 2; 116-B-6-2 100-BC-1 1950-1953 4 x 8 x 8 Yes

116-F-10 105-F dummy decontamination 100-FR-1 1948-1965 20 x 3 (diameter)
french drain; 105-F dummy/perf
decontamination crib

116-H-3 105-H dummy decontamination 100-HR-1 1950-1965 15 x 3 (diameter) Yes
french drain; perf decontamination
drain I I I I I
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WIDS ALIAS OPERABLE SERVICE FACILITY SIZE IGH PRIORITY
NUMBER UNIT DATES (feet) SITE

108 BUILDING CRIBS

116-B-5 108-B crib 100-BC-1 1950-1968 84 x 16 x 10 Yes

116-B-10 108-B dry well; quench tank 100-BC-1 1950-1968 7 x 3 (diameter)

116-D-3 108-D crib #1 100-DR-1 1951-1967 5 x 3 (diameter) Yes

116-D-4 108-D-crib #2 100-DR-1 1956-1957 5 x 3 (diameter) Yes

115 BUILDING CRIBS

116-KE-1 115-KE condensate crib 100-KR-2 1955-1971 40 x 40 x 26

116-KW-1 115-KW condensate crib 100-KR-2 1955-1970 40 x 40 x 26

117 BUILDING CRIBS

116-B-12 117-B crib 100-BC-1 1961-1968 lox lox 10

116-D-9 117-D crib; 117-D 100-DR-1 1960-1967 10 x 10 x 10 Yes

116-DR-8 117-DR crib 100-DR-2 1960-1964 10 x 10 x 10

116-F-7 117-F crib 100-FR-1 1960-1965 10 x 4 (diameter)

116-H-9 117-H crib 100'HR-1 1960-1965 lox lox 10 Yes

MISCELLANEOUS CRIBS

116-DR-7 105-DR inkwell crib 100-DR-2 1953 5 x 5 x 10

116-F-5 Ball washer crib 100-FR-1 1953-1964? 10 x 10 x 10

116-KE-2 1706-KER waste crib 100-KR-2 1955-1971 16 x 16 x 32

I
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WIDS ALIAS OPERABLE SERVICE I FACILITY SIZE HIGH PRIORITY
NUMBERTj UNIT DATES (feet) SITE

FRENCH DRAINS

116-B-9 104-B-2 French drain 100-BC-1 1952-1954 3 x 4 (diameter)

116-D-6 105-D cushion corridor French 100-DR-1 1961-1967 3 x 3 (diameter) Yes
drain

116-F-11 105-F cushion corridor French 100-FR-1 - 1953-1965 3 x 3 (diameter)
drain

116-F-12 148-F French drain 100-FR-1 1944-1964 6 x 3 (diameter)

116-F-13 1705-F experimental garden 100-FR-1 1952-1976 3 x 3 (diameter)
French drain

108-F French drain 100-FR-1 Unknown Unknown Yes

116-KE-3 105-KE storage basin French 100-KR-2 1955-1971 78 x 20 (diameter)
drain; 105-KE basin reverse well

116-KW-2 105-KW storage basin French 100-ICR-2 1955-1970 78 x 20 (diameter)
drain, 105-KW basin reverse well

120-KE-1 183-KE filter waste facility dry 100-KR-3 1955-1971 4 x 4x 4
well; 100-KE-1; 183-KE filter
water facility

120-KE-2 183-KE filter waste facility 100-KR-3 1955-1971 3 x 3 (diameter)
French drain; 100-KE-2; 183 KE
filter water facility

120-KW-1 183-KW filter water facility dry 100-KR-3 1955-1970 4 x 4 x 4
well; 100-KW-1

120-KW-2 183-KW filter water facility 100-KR-3 1955-1970 3 x 3 (diameter)
French drain; 100-KW-2
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WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

LIQUID WASTE DISPOSAL TRENCHES

116-H-1 107-B liquid waste disposal trench 100-BC-1 1946-1955 200 x 30 x 15 Yes

116-C-1 107-C liquid waste disposal trench 100-BC-1 1952-1968 500 x 50 x 25 Yes

116-DR-1 107-DR liquid waste disposal 100-DR-1 1950-1967? 300 x 15 x 20 Yes
trench #1

116-DR-2 107-DR liquid waste disposal 100-DR-1 1952-1967 150 x 10 x 20 Yes
trench #2

116-F-2 107-F liquid waste disposal trench 100-FR-1 1950-1965 300 x 50 x 15 Yes

116-H-1 107-H liquid waste disposal trench 100-HR-1 1952-1965 200 x 25 x 15 Yes

116-K-1 100-K crib; 100-K pond; 116-K-1 100-KR-1 1955 400 x 400 x ? at Yes
trench; 107-K pond; 107-K(E) top
sump I

105 STORAGE BASIN TRENCHES

116-B-2 105-B storage basin trench 100-BC-1 1946-1946 75 x 10 x 15 Yes

116-D-IA 105-D storage basin trench #1 100-DR-1 1947-1952 130 x 10 x 6 Yes

116-D-IB 105-D storage basin trench #2 100-DR-1 1953-1967 100 x 10 x 15 Yes

116-DR-3 105-DR storage basin trench 100-DR-2 1955 60 x 40 x 10

116-F-3 105-F storage basin trench 100-FR-1 1947-1951 100 x (10 to 20) x Yes
I 1_ (8 to 11)?
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WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

1608 TRENCHES

1 16-DR-6 1608-DR liquid disposal trench 100-DR-2 1953-1965 50 x 10 x 10

116-F-6 1608-F liquid waste disposal 100-FR-1 1952-1965 300 x 100 x 10 Yes
trench; 105-F cooling water
trench

116-H-2 1608-H liquid waste disposal 100-HR-1 1953-1965 275 x 100 x 6 Yes
trench, 1608-H crib and trench .

SLUDGE TRENCHES

116-B-13 107-B south sludge trench 100-BC-1 1952 50 x 50 x 10

116-B-14 107-B north sludge trench 100-BC-1 1948 120 x 10 x 10

107-D, 107-DR sludge disposal 100-DR-1 1953-unknown 5 trenches
trenches

MISCELLANEOUS TRENCHES

116-F-i Lewis Canal 100-FR-1 1953-1965 3000 x 40 x 10 Yes

116-F-9 Animal waste leaching trench 100-FR-1 1963-1976 -500 x 15 x 10 Yes

EM bypass ditch 100-FR-1 1954-unknown 350 x unknown

Basin leak ditch 100-FR-1 1955-unknown 500 x unknown

116-K-2 100-K mile long trench; K trench; 100-KR-1 1955-1971 4000 x 45 x 15 Yes
116-K-2 trench

120-KE-3 100-KE-3; 183-KE filter water 100-KR-3 1955-1970 40 x 3 x 3
facility trench
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WIDS ALIAS OPERABLE SERVICE FACILITY SIZE IIIGH PRIORITY
NUMBER I UNIT DATES (feet) SITE

MISCELLANEOUS LIQUID WASTE DISPOSAL UNITS

120-B-1 105-B battery acid sump 100-BC-1 1944-1969

120-D-1* 100-D ponds 100-DR-1 1977-present Yes

132-D-3 1608-D waste water pumping 100-DR-1 1944-1965 20 x 20 x 36 Yes
station; 1608-D effluent pumping
station

132-H-3 1608-H waste water pumping 100-HR-1 1949-1965 36 x 34 Yes
station; 116-H-8; 1608-H effluent
pumping station

120-KE-8 165-KE brine pit 100-KR-2 1955-1971 16 x 10 x 10

120-KE-9 183-KE brine pit 100-KR-3 1955-1971 23 x 17 x 10

120-KW-6 165-KW brine pit 100-KR-2 1955-1970 16 x 10 x 10

120-KW-7 183-KW brine pit 100-KR-3 1955-1970 23 x 17 x 10

Source: DOE-RL 1991a; DOE 1990a-f; DOE 1991a-f
Exact information is unknown.

* RCRA TSD Unit
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WIDS ALIAS(ES) OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

105 BURIAL GROUNDS

118-B-1 105-B burial ground 100-BC4 1944-1973 1000 x 321 x 20

118-C-1 105-C burial ground 100-BC-4 1953-1969 510 x 400 x 15

118-D-2 100-D burial ground #2 100-DR-3 1949-1970 1000 x 360 x 20

118-D-3 100-D burial ground #3 100-DR-3 1956-1973 1000 x 250 x 20

118-F-1 Minor construction burial ground #2; 100-FR-2 1954-1965 600 x 500 x 20
burial ground #1; solid waste burial
ground No. 2

118-H-I 100-H burial ground No. I 100-HR-2 1949-1965 700 x 350 x 20

118-K-1 100-K burial ground; 118-K 100-KR-2 1953-1975? 1200 x 600 x 20

TRITIUM SEPARATIONS PROJECT BURIAL GROUND

118-B-6 108-B solid waste burial ground 100-BC-3 1952-1953 40 x 40 x 20

BIOLOGICAL BURIAL GROUNDS

118-F-5 PNL sawdust repository 100-FR-2 1954-1975 500 x 150 x 15

118-F-6 PNL solid waste burial ground 100-FR-2 1965-1973 400 x 200 x 20

ASH PITS

126-B-1 184-B power house ash pit; 188-B ash 100-BC-1 1944-1969 Unknown
disposal area

126-D-1 184-D powerhouse ash pit; 188-D ash 100-DR-1 1950-1960 Unknown
disposal area; 100-D ash disposal
basin

126-F-i 184-F powerhouse ash pit; 188-F ash 100-FR-2 1944-1965 Unknown
disposal area
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WIDS ALIAS(ES) OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

126-H-1 184-H powerhouse ash pit; 188-H ash 100-HR-2 1948-1965 Unknown
disposal area

BURN PITS

128-B-1 100 B/C burning pit; 100-B burning 100-BC-1 1943-1950 100 x 100 x 10
pit

128-B-3 100-B dump site 100-BC-1 1944-1968 450 x 60

128-C-1 100-C burning pit 100-BC-1 unknown 225 x 125

128-D-1 100 D/DR burning pit 100-DR-3 1944-1967 100 x 100 x 10

128-F-1 100-F burning pit; 100-F burning pit 100-FR-2 1945-1965 100 x 100 x 10
No. 1

128-F-2 Burning pit 100-FR-1 1945-1965 150 x 60

128-H-1 100-H burning pit; 100-H burning pit 100-HR-2 1949-1965 100 x 100 x 10
No. I

128-H-2 100-H burning ground #2 100-HR-2 Unknown-1965 120 x 80

128-H-3 100-H burning ground #3 100-HR-2 Unknown Unknown

128-K-1 100-K burning pit 100-KR-3 1955-1971 100 x 100 x 10

128-K-2 100-K construction dump 100-KR-3 unknown 800 x 280

STORAGE VAULTS/CAVES

118-C-4 105-C horizontal control rod storage 100-BC-2 1950-1969 1000 x 40 x 25
cave

118-F-7 100-F miscellaneous hardware storage 100-FR-2 1945-1965 16 x 8 x 8
vault
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WIDS ALIAS(ES) OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

118-KE-2 105-KE horizontal control rod storage 100-KR-2 1955-1971 1000 x 40 x 25
cave

118-KW-2 105-KW horizontal control rod storage 100-KR-2 1955-1971 1000 x 40 x 25
caveII

BALL 3X BURIAL GROUNDS

118-B-5 Ball 3X burial ground 100-BC-1 1953 50 x 50 x 20

118-D-5 Ball 3X burial ground 100-DR-2 1954 2 - 20 x 40 x 10
each

118-11-4 Ball 3X burial ground 100-HR-2 1953 150 x 30 x 10

DEMOLITION SITES AND LANDFILLS

126-B-2 183-B clearwells 100-BC-1 never used 751 x 135

126-B-3 184-B coal pit 100-BC-1 1970's-present 400 x 225

126-D-2 184-D coal pit 100-DR-1 1970's-1986

126-DR-1 190-CR clearwell tank pit 100-DR-2 1970's-present 42 x 525

126-H-2 183-H clearwells 100-HR-1 1970's-present 751 x 135

126-K-1 100-K gravel pit 100-KR-2 1970's-present

MISCELLANEOUS SOLID WASTE DISPOSAL SITES

118-B-2 Construction burial ground No. 1 100-BC-3 1952-1956 60 x 30 x 10

11 8-B-3 Construction burial ground No. 2 100-BC-3 1956-1960 350 x 275 x 20

118-B-4 105-B spacer burial ground 100-BC-3 1956-1958 50 x 30 x 15

118-B-6 108-B solid waste burial ground 100-BC-3 1952-1953 40 x 40 x 20

118-B-7 111-B solid waste burial site 100-BC-I 1951-1968 8 x 8 x 8
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WIDS ALIAS(ES) OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

118-B-10 Pit 100-BC-1 unknown 48 x 18

128-B-2 Sand blast disposal site 100-BC-1 unknown unknown

118-D-1 100-D burial ground No. 1 100-DR-3 1944-1967 450 x 375 x 20

118-D-4 Construction burial ground 100-DR-3 1953-1967 600 x 200 x 20

118-DR-1 105-DR gas loop burial ground 100-DR-3 1963-1964 125 x 75 x 15

118-F-2 Burial ground No. 2; solid waste 100-FR-2 1945-1965 368 x 326 x 20
burial ground No. 1

118-F-3 Minor construction burial ground No. 100-FR-2 1952 175 x 50 x 15
1; burial ground No. 3

ll8-F-4 115-F pit; 115-F crib 100-FR-2 1949 lox lox 10

120-F-1 Glass Dump 100-FR-2 30 x 8 x 4

118-H-2 H-1 loop burial ground; 100-H burial 100-HR-2 1955-1965 140 x 50 x 15
ground No. 2

118-H-3 Construction burial ground 100-HR-2 1953-1957 300 x 200 x 20

118-H-5 105-H thimble pit 100-HR-2 1953-1960 30 x lOx 2

Source: DOE-RL 1991a; DOE 1990a-f; DOE 1991a-f
Exact information unknown.
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WIDS ALIAS OPERABLE SERVICE FACILITY HIGH PRIORITY
NUMBER UNIT DATES SIZE SITE

I _(feet)

1l6-N-1* 1301-N liquid waste disposal facility; 100-NR-1 1964-1985 125 x 290 x 12
1301-N crib and trench w/ 1600

extension trench

116-N-2 1310-N chemical waste storage tank; 100-NR-1 1964-present 900,000 gallons Yes
the golf ball; 1310-N waste storage
area

116-N-3* 1325-N liquid waste disposal facility; 100-NR-1 1983-present 250 x 240 w/
1325-N crib and trench 3000 x 10 x 7

extension trench

116-N-4 1300-N emergency dump basin 100-NR-1 1963-1973 130 x 80 x 15
1963-1987 (1) (1)

116-N-8 163-N mixed waste and hazardous 100-NR-1 1986-present 152 x 60
waste container storage pad; 116-N-8
storage pad

118-N-1 100-N Area silos; 100-N Area spacer 100-NR-1 1963-present 20 x 16
silos; 118-N (diameter)

120-N-1 1324-NA percolation pond 100-NR-1 1977-present 29,000 sq. ft. Yes

120-N-2 1324-N surface impoundment 100-NR-1 1986-1988 140 x 75 x 15 Yes

120-N-3 163-N neutralization pit and French 100-NR-1 1963-1988 8 x 25 x 8
drain 1963-present vault; 4-6

(1) diameter drain
(1)

120-N-4 1310-N hazardous waste staging area; 100-NR-1 1985-present 100 x 75
1310-N waste oil storage pad; 1310-N
non-hazardous waste pad I
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WIDS ALIAS OPERABLE SERVICE FACILITY HIGH PRIORITY
NUMBER UNIT DATES SIZE SITE

(feet)

120-N-5 108-N/163-N transfer line 100-NR-1 1963-present 2- 6 x 6 x 10
neutralization pit vaults (1)

120-N-6 108-N acid tank vent French drains 100-NR-1 1963-1988 5- 2 ft diameter
drains

120-N-7 100-N acid unloading facility French 100-NR-1 1963-1987 4 x 3 (diameter)
drain (1)

120-N-8 163-N sulfuric acid tank vent French 100-NR-1 1963-1988 4-6 (diameter);
drain depth unknown

124-N-1 124-N-1 septic tank; 100-N sanitary 100-NR-1 1963-present 2300 gal/day;
sewer system No. 1 200 sq. ft.

infiltration area

124-N-2 124-N-2 septic tank; 100-N sanitary 100-NR-1 1963-present 2300 gal/day;
sewer system No. 2 200 sq. ft.

infiltration area

124-N-3 124-N-3 septic tank; 100-N sanitary 100-NR-1 1982-present 45 gal/day; 500
sewer system No. 3 gallon cess pool

124-N-4 100-N sanitary sewer system No. 4; 100-NR-1 1963-1987 14,000 gallon;
124-N-4 septic tank 8900 sq. ft.

infiltration area

124-N-5 100-N sanitary sewer system No. 5; 100-NR-1 1981-1987 3700 gallon;
124-N-5 septic tank 960 sq. ft.

infiltration area

hi

0

w



QT AIHW 1N0

WIDS ALIAS OPERABLE SERVICE FACILITY HIGH PRIORITY
NUMBER UNIT DATES SIZE SITE

I _(feet)

124-N-6 100-N sanitary sewer system No. 6; 100-NR-1 1979-1984 2000 gallon;
124-N-6 600 sq. ft.
septic tank infiltration area

(800 sq. ft. in
(1))

124-N-7 100-N sanitary sewer system No. 7; 100-NR-1 1984-1987 7500 gallon;
124-N-7 septic tank 5500 sq. ft.

infiltration area

124-N-8 100-N sanitary sewer system No. 8; 100-NR-1 1983-1987 5000 gallon;
124-N-8 septic tank 1650 sq. ft.

infiltration area

124-N-9 124-N-9 septic tank; 100-N sanitary 100-NR-1 1985-present 3000 gallon;
. sewer system No. 9 3500 sq. ft.

infiltration area

124-N-10 124-N-10 sanitary sewer system; 100- 100-NR-1 1987-present 50,000 gal/day
N central sewer system No. 10

128-N-1 100-N burning pit; 128-N-1 burning 100-NR-1 1963-1989 unknown

pit 1962-1986.(1)

130-N-1 183-N backwash discharge pond; 183- 100-NR-1 1983-present
N filter backwash pond; 126-N-1 -,

South settling pond 100-NR-l 1977-1983 110 x 50 x 15 Yes

Source: DOE-RL 1991a; DOE 1990d,e
* RCRA TSD unit
(1) Information from DOE-RL 1991a and DOE 1990d,e differs.
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Table E-5. 100 Area Sanitary Sewer Systems (Page 1 of 2)

WIDS NUMBER OPERABLE UNIT SERVICE DATES

1607-Bl 100-BC-1 1944-1960

1607-B2 100-BC-1 1944-present

1607-B3 100-BC-1 1944-1974

1607-B4 100-BC-1 1944-present

1607-B5 100-BC-1 1944-1988

1607-B6 100-BC-1 1944-present

1607-B7 100-BC-1 1951-1969

1607-B8 100-BC-2 1951-1969

1607-B9 100-BC-4 unknown

1607-DI 100-DR-3 1944-1965

1607-D2 100-DR-1 1944-present

1607-D3 100-DR-2 1944-present

1607-D4 100-DR-1 1944-1968

1607-D5 100-DR-1 1944-present

1607-Fl 100-FR-2 1944-1960

1607-F2 100-FR-1 1944-1988

1607-F3 100-FR-1 1944-1965

1607-F4 100-FR-1 1944-1965

1607-F5 100-FR-1 1944-1965

1607-F6 100-FR-1 1945-1975

1607-Hi 100-HR-2 1948-present

1607-H2 100-HR-1 1949-1965

1607-H3 100-HR-2 1948-1968

1607-14 100-HR-1 1948-1965

ET-5a
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Table E-5. 100 Area Sanitary Sewer Systems (Page 2 of 2)

ET-5b

WIDS NUMBER OPERABLE UNIT SERVICE DATES

1607-Kl 100-KR-3 1955-present

1607-K2 100-KR-3 1955-present

1607-K3 100-KR-3 1955-1970

1607-K4 100-KR-2 1955-present

1607-K5 100-KR-3 1955-present

1607-K6 100-KR-2 1955-present

Source: DOE-RL 1991a



WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH
NUMBER UNIT DATES (feet) PRIORITY

SITE

116-C-3 105-C chemical waste tanks 100-BC-2 Never used 27,000 gal

118-C-2 105-C ball storage tank 100-BC-2 1969 5 x 6 (diameter)

130-D-1 1716-D gasoline storage tank 100-DR-1 1944-1968 1,000 - 4,999 gallon Yes

130-K-1 1717-K gasoline storage tank 100-KR-2 1955-1972 Unknown

130-K-2 1717-K waste oil storage tank 100-KR-2 1955-1972 Unknown

130-K-3 182-K emergency diesel oil 100-KR-3 1955-1971 17,500 gallons (2
storage tank; 182-K emergency tanks)
cooling flow diesel tank

116-KE-6A 1706-KE condensate collection 100-KR-2 1986-present 96 gallon
tank; 1706-KE waste treatment
system I

116-KE-6B 1706-KE waste treatment 100-KR-2 1986-present 30 gallon
system; 1706-KE evaporation
tank I

116-KE-6C 1706-KE waste accumulation 100-KR-2 1986-present 550 gallon
tank; 1706-KE waste treatment
system

116-KE-6D 1705-KE waste treatment 100-KR-2 1986-present 5 cu. ft.
system; 1706-KE ion exchange
column

120-KE-4 183-KEI sulfuric acid storage 100-KR-3 1955-1971 10,109 gallon
tank

120-KE-5 183-KE2 sulfuric acid storage 100-KR-3 1955-1971 10,109 gallon
tank

120-KE-6 183-KE sodium dichromate tank 100-KR-3 1955-1971 Unknown
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WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH
NUMBER UNIT DATES (feet) PRIORITY

SITE

126-KE-2 183-KE liquid alum storage tank 100-KR-3 1955-1971 180,000 gallon
#2 pr

126-KE-3 183-KE liquid alum storage tank 100-KR-3 1955-1971 Unknown
#1

130-KE-1 105-KE emegency diesel oil 100-KR-2 1955-1971 2,000 gallon
storage tank; 105-KE emergency
diesel fuel tank

130-KE-2 166-KE oil storage tank 100-KR-2 1955-1971 1,650,000 gallon

120-KW-3 183-KWI sulfuric acid storage 100-KR-3 1955-1970 10,109 gallon

_ _ ~tank___

120-KW-4 183-KW2 sulfuric acid storage 100-KR-3 1955-1970 10,109 gallon

________tank 
2

120-KW-5 183-KW sodium dicbromate 100-KR1-3 1955-1971 Unknown W
storage tank

130-KW-1 105-KW emergency diesel oil 100-KR-2 1955-1970 2,000 gallon
storage tank; 105-KW
emergency diesel fuel tank

130-KW-2 166-KW oil storage tank 100-KR-2 1955-1970 1,650,000 gallon

Source: DOE-RL 1991a; DOE 1990a-f, DOE 1991a-f
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UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY REMEDIAL ACTIONS

RELEASE OF WASTE RELEASED
NUMBER

UN-100-F-1 3/13/71 Main sewer lines from 141-C 4.0-5 Ci Sr-90, 1.06H-6 Ci Pu- Area stabilized with clean gravel
to 141-M buildings became 239
plugged

UN-100-K-1 4/79 105-KE pickup chute area; no 450 gal/h for unknown period of None
surface contamination fuel storage basin effluent; soil

beneath basin estimated total
activity of 2,530 Ci with 1.3 Ci
of Pu-239

UN-100-N-1 3/27/74 Line leak resulted in release 0.2 Ci of radioactive constituents Contaminated soil reading greater
of radioactive water to than 1,000 ct/min was removed;
ground near 1304-N remainder covered with clean fill
emergency dump tank

UN-100-N-2 2/19/80 Leak in relief drain line from Primary coolant water containing Line repaired; groundwater
FLV858 valve; area 17 x 17 less than I Ci beta/gamma; 10 monitored; accessible contaminated
x 10 feet was contaminated gal/min leak rate soil removed and covered with clean

fill

UN-100-N-3 3/8/78 Leak in dummy fuel spacer Storage basin water; released Line repaired; contaminated soil

transfer line from fuel estimated 0.07 Ci Co-60, 0.8 Ci removed and area covered with clean
storage basin; contaminated Sr-90, 0.25 Ci Cs-137, 0.14 Ci fill
area 2.5 feet by 4 foot CePr-144, 0.0004 Ci Pu-239, I
diameter Ci of H-3; rate of 25 gal/min for

about a week

UN-100-N-4 5/7/77 Overflow of radioactive Total activity of 0.5 mCi Most of the contaminated soil

water from 1322-A sump; removed and replaced with clean fill
contaminated about 1,500 sq.
ft.

UN-100-N-5 6/27/72 Leak in piping at radioactive 35 Ci total activity released Contaminated soil reading greater

chemical waste handling including 26 Ci of Co-60 than 1,000 ct/min removed;
facility remainder covered with clean fill
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UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY REMEDIAL ACTIONS
RELEASE OF WASTE RELEASED
NUMBERII

UN-100-N-6 9/10/85 Leak in 1.5-in line between An estimated 0.2 Ci Co-60, 0.04 Line repaired; -590 cu. ft.
105-N and 1310-N resulted in Ci Mn-54, 0.003 Ci Ru-103, and contaminated soil reading 7,000 to
release of radiologically 0.003 Ci Cs-137 25,000 ct/min removed; excavation
contaminated water backfilled with clean soil

UN-100-N-7 4/29/85 Leak in buried 10-in drain Radioactive effluent containing 1 Adjacent groundwater wells had
line between 105-N and Ci Na-24, 0.5 Ci Co-60, 0.09 increased levels of 1-131; -1,130
1304-N Ru-103, 0.4 Ci Cr-51, 0.2 Ci cu. ft. contaminated soil removed;

Zr-95, 0.3 Ci Te-132, 0.3 Ci area backfilled with clean soil
Mn-54, 0.1 Ci Nb-95, 0.5 Ci I-
131, 1.2 Ci Fe-59, 0.2 Ci
Ce-141, 0.2 Ci Ce-144, 0.8 Ci
Tc-99

UN-100-N-8 5/11/75 Radioactive water was Total activity was 0.5 mCi Most of contaminated soil removed
released from overflow at and replaced with clean fill
1322-A sump contaminating
25 sq. ft.

UN-100-N-9 10/14/74 Leak in 119-N cooling water -500,000 pCi Valve and line repaired;
drain line and valve contaminated soils removed and area

backfilled with clean soil

UN-100-N-10 5/13/75 Contaminated water leaked to 0.001 Ci of mixed fission and Small dirt dam built to confine water

ground during removal of activation products within existing radiation zone
105-N check valve

UN-100-N-11 10/2/75 East side of Highway 4 1,000 mR where the bonnet hit 8 cu. yd. of soil and 0.5 cu. yd. of

North; contaminated 500 lb the road; 5,000 to 20,000 ct/min blacktop removed
valve bonnet fell onto the on 200 sq. ft. of road; 25,000 to
road, 8 cu. yd. of soil and a 50,000 on surface of field
30 x 1 foot strip of blacktop adjacent to valve bonnet
contaminated
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UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY REMEDIAL ACTIONS
RELEASE OF WASTE RELEASED
NUMBERI

UN-100-N-12 2/27/79 Lak in spacer transport line; Readings of 50 to 100 mR/h; Line repaired; sink hole filled with
same location as UN-100-N-3 basin water released contained clean soil

0.19 Ci Co-60, 0.4 Ci Cs-137,
0.00057 Ci Pu-239/240

UN-100-N-13 9/24/73 Overflow of spent 100 gallon containing -0.011 Ci Contaminated soil packaged for
decontamination solution at removal or covered with clean fill
1314-N loading station
contaminated 20 sq. ft.

UN-100-N-14 8/5/74 Leak in 119-N drain system; 0.0008 Ci beta/gamma Soil reading greater than 1,000
contaminated 800 sq. ft. ct/min removed; remaining soil

covered with clean fill

UN-100-N-15 3/20/81 108-N neutralization sump Sulfuric acid Acid neutralized with soda ash
transfer line leak;
contaminated less than 50 cu.
ft.

UN-100-N-17 8/66 166-N diesel oil supply line Diesel oil Line repaired; oil near the river
leak collected in interceptor trench and

periodically burned

UN-b0-N-18 8/73 Leak in diesel oil supply line Diesel oil Line excavated and repaired
between 166-N tank farm and
184-N day tank

UN-100-N-19 4/84 Overflow of 184-N day tank No. 6 fuel oil Oil removed from ground surface
and tank impoundment area cleaned

up

UN-100-N-20 6/85 Leak in 166-N diesel oil No. 2 diesel oil Line repaired; oil-contaminated soil
return line removed; groundwater monitored
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UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY REMEDIAL ACTIONS
RELEASE OF WASTE RELEASED
NUMBER I

UN-100-N-21 4/25/86 Overflow at 184-N day tank No. 2 diesel oil Level annunciator repaired; 650
gallon of oil removed; no oil
detected in groundwater

UN-100-N-22 6/23/86 Leak in 184-N diesel oil No. 2 diesel oil Line rerouted; contaminated soil
supply line removed; oil detected in groundwater

UN-100-N-23 1/10/87 Leak in 184-N diesel oil No. 2 diesel oil Line excavated; oil detected in
supply line groundwater

UN-100-N-24 2/1/87 166-N fuel oil supply line No. 6 fuel oil None
leak

UN-100-N-25 5/15/75 1310-N tank vented and Primary loop water and Localized contamination covered
released reactor decontamination solution with 6 inches of soil
decontamination solution to containing phosphoric acid and
the ground diethylthiourea

UN-100-N-26 12/7/78 Reactor decontamination Decontamination solution Remaining solution absorbed and
solution backflowed during containing phosphoric acid and sent to 200 Area burial ground
pumping at the 1314-N load- diethylthiourea
out facility

UN-100-N-29 4/23/74 Leaking check valve at 1304- Primary coolant water containing Contaminated soil removed; area
N dump tank released radioactive fission and activation covered with clean fill
radioactive water to ground products, mostly Mn-56 and Na-

24

UN-100-N-30 7/22/74 Overflow at the 1304-N Primary coolant water containing Contaminated soil stabilized in place
dump tank contaminated radioactive fission and activation with sand and fines
2,500 sq. ft. products; maximum of 500

ct/min
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UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY REMEDIAL ACTIONS
RELEASE OF WASTE RELEASED
NUMBER

UN-100-N-31 7/22/74 Spill of radioactive effluent at Radioactive effluent containing Contaminated soil removed; area
1301-N crib; contaminated fission and activation products; covered with clean fill
area -2,025 sq. ft. gross beta/gamma concentration

was 700 dis/min/mL

UN-100-N-32 9/16/74 Leaking check valve at 1304- Radioactive effluent containing Contaminated soil removed or
N dump tank fission and activation products; covered with clean fill

mud sample read 20,000 ct/min;
estimate of less than 10 mCi of
activity remaining on ground

UN-100-N-33 11/9/81 Acid spilled during transfer 97% sulfuric acid; exceeded Acid was neutralized with sodium
at 108-N CERCLA requirement of 1,000 hydroxide and soda ash

lb for sulfuric acid

UN-100-N-34 5/12/80 Release of sulfuric acid 94% sulfuric acid Acid in encasement neutralized with
during transfer at 108-N 50% sodium hydroxide and pumped

to clearwell overflow; acid in -
surrounding area neutralized with
soda ash and liquid sodium
hydroxide

UN-100-N-35 11/86 Leakage from sub-basin (fuel Radioactively contaminated water Basin weir and drain line grouted
storage) drain line containing 1.6 Ci Mn-56, 0.4 Ci and sealed off

Co-60, 0.3 Ci Nb-95, 0.1 Ci I-
131, 0.4 Ci Cs-137, 0.3 Ci Ce-
144; rate of 3 gal/mia only
during feed and bleed of the fuel
basin

Source: DOE-RL 1991a; DOE 1990d,e
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APPENDIX F
RIVER PIPELINES AND SEDIMENTS
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1.0 INTRODUCTION AND BACKGROUND

This appendix describes the development and screening of alternatives which could be
used to address potentially-contaminated, saturated sediments of the Columbia River and

river discharge pipelines.

Current information has not been assess for potential threats from the river sediments;
however, per the request of the regulators, alternatives are developed as a baseline in the

event that future sampling shows significant contamination to pose a human or environmental
threat. This section includes the conceptual model of the river sediments media and presents
assumptions generated by DOE, EPA, and Ecology which serve as a basis for the
development and screening of alternatives. Potential ARARs for remedial actions in the river

are presented in Section 2. Section 3 discusses the screening of technologies and process
options. Section 4 presents the development and screening of alternatives. Descriptions of

the process options are presented in Section 5.0.

The river sediments addressed in this appendix are contained in three areas:

* River bottom - saturated sediments near the shoreline which may be impacted
by groundwater movement

* River pipelines - sediments along the river pipelines and at the discharge end
of the pipelines which may have been impacted by leaks and cooling water
discharge

* Islands - sediments associated with islands in the river which may have been
impacted by deposition of contaminated particles.

Riverbank sediments are defined as those sediments on the south bank of the river
which extend from the mean high high water mark to the mean low low water mark. The
volume calculations for these sediments are included in Appendix D of this FS. The
assumptions and calculated values from Appendix D will remain in the FS as they are. Soils
above mean high high river mark are considered vadose and are addressed in the main body
of the feasibility study (FS).

1.1 HISTORY OF OPERATIONS AND FACILITY DESCRIPTIONS

Each of the reactor areas has pipelines from the retention basin(s) to the outfall
structure(s). Cooling water containing fission products and additives was released from the
reactor and directed to the retention basins. After a brief hold-time in the basins, the water
was diverted to the outfall structure, through the river pipelines, then discharged to the river
in an area of high flow. The water was diverted through concrete overflow spillway(s)
during times of high river levels (DOE 1991a). The river pipelines are the only structures
associated with the sediments addressed in this appendix.
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Table F-1 presents the physical characteristics and present status of the river
discharge pipelines.

1.2 NATURE AND EXTENT OF CONTAMINATION - EXISTING INFORMATION

Sediments were sampled in 1990/91 at Priest Rapids and McNary dams as part of the

Hanford Site environmental monitoring program. In general, the level of radioactivity in
surface sediments behind McNary Dam was slightly higher than that behind Priest Rapids
Dam during 1990 and 1991. Radionuclide concentrations in sediments collected from the

sloughs along the Hanford Reach and at Richland were generally comparable to those
observed upstream of Hanford at Priest Rapid Dam with the exception of uranium. Uranium

levels in Hanford Reach sediments were comparable to those at McNary Dam (Woodruff et

al. 1992). Table F-2 presents 1991 sediment concentrations for specific radionuclides from
this sampling event.

The Columbia River Impact Evaluation Plan (DOE/RL 1993) presents a summary of
sediment sampling in the Hanford Reach. Table F-3 lists radionuclide concentrations in

sediments in the slough areas of the Hanford Reach and at Priest Rapids Dam (Jaquish and

Bryce 1990). In 1991, spring and sediment sampling was conducted along the 100 Area
shoreline. Sediments showed detectable concentrations of Sr-90, CS-137, Ra-226, Th-228,
Th-232, aluminum, antimony, barium, cadmium, calcium,chromium, cobalt, copper, iron,
magnesium, manganese, nickel, potassium, sodium, vanadium, and zinc. However, no
reference samples were taken for comparison to background; it is unknown if the detected
values represent elevated concentrations.

The river impact plan includes assessment of potential exposure pathways and an
impact evaluation on human health and the environment. However, the assessment is

directed mainly at impacts from ground and surface waters. An impact assessment
methodology was not available for inclusion in the river impact plan; therefore no
calculations of potential risks to human health or the environment were made (DOE/RL
1993).

Radiological and physical characterization of selected river discharge pipelines was
conducted in 1984 (Beckstrom and Steffes 1986). Remote sensing surveys were completed
on the physical characterization of the 100-C, 100-DR, 100-F, and 100-H area pipelines.
Direct observation surveys were completed on the 100-C, 100-DR, and 100-F areas only.
Analyses and samples were completed on the 100-C, 100-DR, and 100-F pipelines. Because
the river currents at the time of investigation were extremely high, the 100-H area pipeline
was not directly observed or sampled.

While no contamination was found on the exterior of the investigated pipes, the
predominant isotopes found inside the pipes were europium-152 and europium-154. Where
samples were collected, most activity seemed to be concentrated in the rust on the interior
pipe surface. Table F-4 indicates the activity level of the investigated pipe section inner
surfaces and the isotropic analysis of loose and scraped scale from inside the investigated
pipe sections taken in the 100-C, 100-DR, and 100-F pipelines. The direct surface readings
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indicate the activity per probe area, about 12.5 cm 2. The direct samples were drip-dry when
readings were taken; technical samples were collected when the pipe samples were
sufficiently dry. The contact dose rate on the outside pipe surface was zero; the contact dose
rate in the interior of the pipe was less than 1 mrem/hr. Activity levels of the pipe scrapings
can be found in Table F-4. (Beckstrom and Steffes 1986.)

1.2.1 Ecological Setting and Contamination

The Columbia River environment is home to numerous species of plants and animals
including all major freshwater benthic macrovertibrates, macrophytes, and 43 species of fish.
(DOE/RL 1993). The riparian zone is used by invertebrates, birds, reptiles, amphibians, and
mammals for food and cover. Mule deer use the islands in the river for fawning; geese nest
on the islands. Threatened and endangered species associated with the Columbia River are
listed in Table F-5. Disturbance of the plant and animal habitats is a consideration in the
development of remedial actions.

Environmental monitoring and sampling have been conducted on the Hanford Site for
45 years. Radionuclide concentrations in fish and birds were reported by Woodruff and
Hanf (1991). For the fish, concentrations of cobalt-60 and cesium-137 were typically below
detection limits. Strontium-90 levels were below 0.04 pCi/g wet weight in all samples.
Radionuclide concentrations in Canada goose muscle were similar to those expected from
worldwide fallout (Jaquish and Bryce 1990); however, goose eggshells collected along the
Hanford Reach had detectable levels of strontium-90 with the highest average concentration
(1986-1987) of 1.6 pCi/g (DOE/RL 1993).

1.3 NATURE AND EXTENT OF CONTAMINATION - ASSUMPTIONS

1.3.1 Boundaries

For purposes of the FS, the 100 Area is assumed to extend along the river from river
mile 3 to river mile 24. The FS currently contains dalculations of saturated riverbank
sediments down to river mile 24. For consistency, river mile 24 is used as the downstream
boundary.

1.3.2 Conceptual Model

1.3.2.1 River Bottom Sediments. River bottom sediments are defined as those
continuously-saturated sediments extending from the mean low low water mark into the river
for 50 feet along the river bottom and to a depth of 2 feet. (See Figure F-1.) A potential
ecological pathway may exist through infaunal bioactivity. This bioactivity is not assumed to
extend below 2 feet deep and thus serves as a basis for the depth of contamination
assumption. The contaminated sediments were further assumed to be associated with
contaminated groundwater discharges; therefore the linear extent of the contamination is
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assumed to be along the shoreline within the tritium plumes as defined in Appendix D of the
100 Area FS. (See Figure F-2; also see Table D-1, Appendix D of the FS.)

1.3.2.2 Pipelines/Pipeline Sediments and Island Sediments. In addition to the saturated
riverbank sediments and the river bottom sediments, contamination is assumed to be
associated with pipelines/pipeline sediments and island sediments. Assumptions for the
pipelines/pipeline sediments include:

* Portions of the pipelines leading from the outfall structures to the discharge
points in the middle of the river may have leaked. For purposes of the FS, it
was assumed that leakage occurred along 100 feet of each pipeline
(approximately 5 percent of the length of the pipeline).

* Leaks are assumed to have resulted in contamination of up to 4 feet of
sediments radially around the pipeline as shown on Figure F-3.

* At each pipeline discharge point, an area of contaminated sediments is
assumed to extend 10 feet from the end of the pipe (parallel to the length of
the pipe) and 100 feet downstream at a depth of 2 feet. (See Figure F-3.)

* Pipelines are assumed to have contaminated scale inside of the pipes and to
present potential physical hazards due to snagging or displacement of the

pipes.

For the sediments associated with the islands in the river, the following assumptions
were made:

* Ten islands exist in the river between river mile 3 and 24 which are assumed
to have contaminated sediments. Two islands between 100-B and 100-N are
gravelly and will not be included in the FS. (See Figure F-4.)

* The islands were assumed to be an average 200 feet wide.

* Only the last 100 downstream feet of the islands are assumed to contain
contaminated sediments.

* Contaminated sediments are assumed to be 5 feet deep within the last 100 feet
of the islands. (See Figure F-5.)

Assumptions were made concerning the nature of the contamination in the sediments
as follows:

* The concentrations of contaminants in the defined sediments are assumed to be
above background.

* The assumed contamination is mainly associated with the fine-grained
sediments.
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* Potential contamination is assumed to be fairly uniform within a zone of
contaminated sediments.

* Potential contamination in pipeline and island sediments is assumed to include
both sorbed and discreet particles such as contaminated scale particles from the
interior of the pipelines.

* *Saturated riverbank sediments and river bottom sediments are assumed to have
been contaminated by contact with contaminated groundwater. Therefore,
contaminants in these sediments are assumed to be sorbed to the fine-grained
particles.

* Only metals and radionuclides are assumed to be present.

2.0 POTENTIAL ARARs AND TBCs FOR SEDIMENTS

Remedial actions taken in the Columbia River are regulated by both federal and state
agencies. The potential ARARs and TBCs pertinent to remediation of river sediments and
pipelines are defined in Tables F-6 through F-9. Potential ARARs defined in Section 2.0
and Appendix B of this FS may also cover actions in the river environment.

3.0 TECHNOLOGY AND PROCESS OPTION SCREENING

Remedial action objectives (RAO) and general response actions (GRA) defined in
Section 4.0 of the FS apply to the river bottom sediments and river pipelines. The general
response actions include:

0 No action
* Institutional controls
a Containment
* In situ treatment
* Removal/disposal
* Removal/treatment/disposal.

Contaminants of concern are assumed to be radionuclides and metals with little or no
organic contamination. Exposure pathways and receptors have not been analyzed for the
river sediments and pipelines (DOE/RL 1993). This analysis will be required prior to final
evaluation and selection of any remedial action for the river bottom sediments or river
pipelines.
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3.1 VOLUMES OF MEDIA OF INTEREST

The volumes of river pipeline and river bottom sediments are based on the

assumptions presented in Section 1.0 of this appendix. The volumes of media of interest are

presented in Table F-10.

3.2 IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES AND
PROCESS OPTIONS

The objective of this section of the FS is to identify and screen technologies and
process options for the remediation of river pipelines and sediments. Technologies and
process options that pass initial screening are then developed into remedial alternatives.
Technology type is a general term referring to a group of operations with common
characteristics or results. Examples of technologies include chemical treatment, onsite
disposal, and in situ stabilization/solidification. A process option is a specific type of
operation within a technology type which has a narrow focus for its application, e.g.,
cofferdams and silt curtains are process options for the isolation technology.

The technologies and process options are identified for both river pipelines and

sediments. Although these are significantly different waste forms, the applicable general
response actions (GRA) are essentially the same. Treatment technologies, however, are
different for sediments and pipelines. It is assumed that treatment of river pipelines is

accomplished within the remedial alternatives developed for the solid waste media (refer to

Section 5.3.2 of the main report) and is not a consideration here.

3.2.1 Identification and Screening of Technologies

The technologies and process options that are identified for the river pipeline and

sediment GRAs are based on the same information and reference sources as those described
in Section 4.5.1 in the main body of the FS. In addition to these information sources, the
U.S. Army Corps of Engineers was consulted for acceptable dredging techniques (Willard
1993). Chapter 5.0 of this appendix provides a general description and an assessment of the
effectiveness, implementability, and cost for each technology and process option.

Each technology and process option is subject to a two stage screening process. The
initial screening is based on technical implementability. In this screening step, an assessment
is made of implementability of a technology or process option considering site and
contaminant characteristics. This screening reduces the number of possible technologies and

process options to only those which are potentially applicable. The results of the technical
implementability screen are documented in Figure F-6.

The second screening step is based primarily on an evaluation of a technology or

process option's effectiveness. Institutional implementability and cost criteria are secondary

considerations. Technologies and process options retained after this second screening are
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used for development of remedial alternatives. The results of the effectiveness screening are
documented in Figure F-7.

3.2.2 Initial Screening for River Pipelines and Sediments

All of the GRAs presented in Section 4.0 of the FS are considered applicable for
these media. Figure F-6 summarizes the results of the initial screening of the river pipelines
and sediments remedial options. The shaded process options are those that were eliminated
at this screening stage; the remaining technologies and process options represent the potential
pool of options to be evaluated for assembly into remedial alternatives. The following
summarizes the screening process for the river pipelines and sediments:

No Action. The NCP (55 FR 8666 et seq., and EPA 1988a) requires a "no action"
alternative to serve as a baseline for evaluating active remedial measures. The NCP
further requires the assumption that current institutional controls, such as river water
monitoring, are not maintained. No action implies a scenario of "walking away"
from the site.

Institutional Actions. The institutional actions considered applicable for sediments
are access restrictions and monitoring. These options are similar to those presented
for the solid waste medium. Access restrictions include administrative controls such
as covenants restricting the future use of the property (the river and its associated
islands). Monitoring includes the use of equipment to continuously monitor the river
water. Monitoring can also be used to assess the performance of containment or
treatment systems for the sediments or for regulatory compliance monitoring. No
process options were eliminated at this stage of the screening.

Containment Actions. The containment actions consist of physical measures to
restrict mobilization of contaminated sediments. Containment options include
covers/revetments and isolation. The covers/revetments options that were considered
include:

* Deposition of a silt, clay, or sand layer that covers the areas of
contamination

* Placement of a grout layer that covers the areas of contamination

-ePlacement of rip-rap as a stone foundation that covers the areas of
contamination

* Construction of mattresses comprised of blankets of lumber or
concrete slabs covering areas of contamination.
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Potentially applicable isolation alternatives include:

* Cofferdams - temporary structures constructed of materials, such as
soil or sheet pilings, used to isolate areas of the river. The water is
pumped from the isolated areas to expose the river bottom and allow
work within the isolated area.

* Silt curtains - low permeability floating barriers to control transport
of suspended sediments

* Diversions - pipelines or excavated channels to divert the water flow
away from contaminated areas

* Dikes/berms - raised earthen or stone embankments that prevent or
minimize flow over areas of contamination.

None of the containment options were eliminated during the first stage of screening.

In Situ Treatment Actions. In situ treatment actions include technologies to stabilize
or solidify the river pipelines and sediments in place. The process options applicable
to river pipelines and sediments are:

* Soil mixing - mixing sediments with compounds to produce a
solidified mass

* Grout injection - injecting grout under pressure into the areas of
contaminated sediments through equally spaced drill holes

* Ground freezing - freezing the interstitial moisture in the sediments
as a means to attenuate permeability

* Pipeline anchoring - filling the pipeline with grout to increase the
bulk density, threading a cable through the center of the pipeline
from the shore to the discharge point, and anchoring the ends of the
cable, or anchoring the pipeline with U-shaped anchors set into the
substrate along the length of the pipeline.

Grout injection and ground freezing are screened at this stage. Grout injection is not
considered technically implementable due to the difficulties anticipated in controlling
flow into sediments. Ground freezing is screened because the Columbia River would
act as an infinite heat sink and prevent formation of the barrier. The remaining two
in situ treatment process options, soil mixing and pipeline anchoring, are retained.

Removal/Disposal Actions. Technologies and process options in this category
include both river-based and land-based removal and onsite and offsite disposal.
River-based removal options of sediments include:
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* Mechanical dredging - removal of sediments by a vessel-mounted
dragline, clamshell, or bucket ladder

* Hydraulic dredging - removal of river bottom sediments by water
pump induced suction.

Demolition options are also considered for the permanent removal of
submerged pipeline sections. Demolition techniques include cutting sections of
pipeline then rigging and hoisting the sections onto barges for removal.

Land-based removal of sediments is accomplished by excavating with relatively
standard earth moving equipment.

Potentially applicable onsite disposal options (See Section 5.0 of this appendix
for descriptions of these disposal options) include:

* Trenches/pits
* Vaults
* Tumulus
* RCRA-type landfills.

Offsite disposal options include RCRA landfills, DOE disposal facilities, and
geologic repositories. All of the removal options and disposal options are retained
through this stage of screening.

Removal/Treatment/Disposal Actions. Multiple remedial technology options exist
for removal/treatment/disposal actions. River- and land-based removal options are
defined under the removal/disposal action discussion above. Potentially applicable
treatment options include physical treatment, chemical treatment, dewatering, and
stabilization/solidification. The only physical treatment option considered is soil
washing. In soil washing, the contamination is assumed to be associated with the
fine-grained material; physical soil washing process involves the separation of the
fine-grained and large-grained materials using water and mechanical scrubbing. The
only chemical treatment alternative considered is chemical soil washing. Chemical
soil washing involves the use of reagents to remove contamination. Dewatering
options include both mechanical dewatering and thermal drying. Mechanical
dewatering removes water from sediment by means of gravity and centrifugal forces
through screens or by sedimentation. Thermal drying removes water from sediments
by vaporization. There are several stabilization/solidification remedial technologies
that are potentially applicable. Solidification media include bitumen, cement,
polymers, and glass. Onsite and offsite disposal options have been previously
described for the removal/disposal options. All removal, treatment, and disposal
options are retained for further evaluation.
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3.2.3 Evaluation of Technologies and Selection of Representative Technologies

The purpose of this section is to further evaluate and screen the process options that
are retained in the initial screening step. Only those options remaining after the initial
screening continue through the process for a more thorough review based on effectiveness,
implementability, and relative cost. This second screening evaluation leads to the selection
of representative process options for each type of technology to be assembled into a group of
remedial alternatives for the river pipelines and sediments. The results of the second
screening are summarized in Figure F-7 and are discussed below.

In the selection of representative technologies, CERCLA guidance (EPA 1988a)
suggests that only one process option be selected to represent a technology type; this
simplifies development and evaluation of alternatives without limiting flexibility during
remedial design. The representative process provides a basis for developing performance
specifications during preliminary design; the specific process actually used to implement the
remedial action may not be selected until the remedial design phase. In some cases, more
than one process option may be selected for a technology type if two or more processes are
sufficiently different in their performance that one would not adequately represent the other.

The criteria used in the second screening are defined as follows:

Effectiveness Evaluation. -This evaluation focuses on potential effectiveness of
process options in remediation of the contaminated media and in meeting RAOs with
regard to protection of human health and the environment. Specific information
considered includes contaminant type and concentration, area or volume of
contaminated media, and rates of collection/removal of liquids or solids. Each
process option is classified as being either highly effective, moderately effective,
limited, or not effective.

Implernentability Evaluation. During this screening step, implementability is not
weighted as heavily as effectiveness in accordance with EPA guidance (EPA 1988a).
The initial screening considered technical implementability more on a pass-fail basis;
this second screen is intended to qualitatively assess the degree of technical
implementability. In addition, implementability includes the institutional feasibility
(e.g., regulatory acceptability, public acceptance) of implementing the technology or
process option. The implementability of options are classified as easy, moderate,
difficult, or not implementable.

Cost Evaluation. In accordance with CERCLA FS guidance (EPA 1988a), cost plays
a limited role at this screening stage. The cost analysis is made on the basis of
engineering judgement; each process is evaluated in relation to other process options
in the same technology type. Both capital and operating costs are considered. Cost is
classified as very high, high, moderate, or low.
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3.2.4 Evaluation of Process Options for River Pipelines and Sediments

The results of the second screening evaluation for these media are summarized below
and in Figure F-7.

NO ACTION RESPONSE:

No Action. The no action option is applicable provided that risk assessment indicates
acceptable risks associated with the river pipelines and sediments in their present
conditions. The effectiveness of a no action response may not satisfy the RAOs if
contamination is left in place. Costs for the no action alternative would be low. 'The
alternative is not eliminated at this stage because this option is required by the NCP
as a baseline and because it may be an appropriate response for some sites.

INSTITUTIONAL CONTROLS RESPONSE:

Use Restriction Options. Overall, use restrictions have limited effectiveness and are
difficult to maintain in a system such as the river. Use restrictions may be effective
in the short term but are uncertain in the long term. Use restrictions are retained,
however, to preserve the range of GRAs for development of alternatives. Use
restrictions may also have application in combination with other actions.

Monitoring Options. River water monitoring is considered moderately effective.
Monitoring techniques are useful for identifying changing conditions; however,
contaminant mobility is not attenuated. While initial capital costs are low, operation
and maintenance costs would be high in the long term.

CONTAINMENT RESPONSE:

Covers/Revetments. Several process options, which vary in the type of material-
used, have been selected for evaluation: grout, riprap, and mattresses. These options
are retained based on the ability to control erosion to some degree and on easy to
moderate implementation. The silt/clay/sand process option was screened as being
limited in effectiveness because these materials are easily eroded by the action of the
river. In addition, the implementability of this process option is difficult in flowing
water, particularly at the velocities frequently reached within the Columbia River.

Isolation. All isolation process options considered are eliminated based on the
following limitations:

* Isolation systems large enough to overcome the flow velocity of the
river and prevent inflow to sediment locations are impracticable.

* The channel width and depth would necessitate an impracticably
large barrier to achieve containment.
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0 Even if the influx of river water to the sediment area could be
overcome, the groundwater would still fill the isolated area.
Stopping the groundwater is impracticable.

High costs are also associated with diversions and dikes/berms.

IN SITU TREATMENT:

Stabilization/Solidification. Both process options for stabilization/solidification are
retained as potentially applicable. These options are pipeline anchoring and soil
mixing. Soil mixing potentially requires isolation technologies to implement. Should
isolation be required, soil mixing would then be screened from consideration. The
soil mixing option is retained at this point on the assumption that isolation is not
required.

REMOVAL/DISPOSAL RESPONSE:

Removal Options. Removal options involve both river-based and land-based
operations. River-based removal options include mechanical dredging, hydraulic
dredging, and demolition (pipelines). Only one land-based option, excavation, is
included. All options are retained as potentially applicable.

Onsite Disposal Options. Onsite disposal in a tumulus is judged to have limited
effectiveness and is therefore eliminated. A tumulus is an above grade structure that
is potentially susceptible to surface degradation; maintenance requirements are higher
relative to options where waste is buried below grade. The remaining process
options, trenches/pits, vaults, and RCRA-type landfills, are representative of the
technology and are considered to be more effective for contaminated sediment and
pipeline disposal options; therefore all these options are retained.

Offsite Disposal Options. Offsite disposal in a geologic repository is determined to
be highly effective but not implementable in the time frame necessary to meet the
RAOs. A repository is not currently available and one is not likely to be available in
the foreseeable future. The RCRA landfills are screened because they will not accept
radioactive or mixed waste forms. The DOE facilities are retained for the disposal of
the radioactive and mixed wastes.

REMOVAL/TREATMENT/DISPOSAL RESPONSE:

Removal Options. Refer to the discussion on removal options under
Removal/Disposal Response above.

Physical Treatment. Physical soil washing is retained as a potentially applicable
option. The effectiveness of soil washing is uncertain due to limited test data.
However, if it can be successfully proven, the technology shows promise as an
innovative approach to substantially reduce the volumes of waste requiring disposal.
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Chemical Treatment. Chemical soil washing with reagents is retained as the
representative process option for similar reasons as given above for physical
treatment.

Dewatering. Both mechanical dewatering and thermal drying process options are
retained as dewatering process options. Both process options are considered effective
in drying sediments.

Stabilization/Solidification. Bitumen-based, cement-based, and polymer-based
options are retained as effective for stabilizing sediments by solidification. These
three stabilization/solidification options will result in an increase in waste volume.
Vitrification is retained as an innovative technology for sediments and shows promise
as being highly effective, although very costly.

Onsite Disposal Options. Refer to the discussion of onsite disposal options under
Removal/Disposal Response above.

Offsite Disposal Options. Refer to the discussion on offsite disposal options under
Removal/Disposal Response above.

4.0 ALTERNATIVE DEVELOPMENT AND SCREENING

4.1 INTRODUCTION

Following the identification and screening of technologies and process options,
remedial action alternatives are developed and screened in accordance with the CERCLA
RI/FS guidance document (EPA 1988a).

This section of Appendix F presents the following information:

0 Development of alternatives (Section 4.2)
* Evaluation and screening of alternatives (Section 4.3)
* Introduction to the alternative screening process (Section 4.3.1)
0 River pipelines and sediments alternatives (Section 4.3.2)
* Summary of the alternatives evaluation (Section 4.3.3).

The purpose of this appendix is to identify potential remedial alternatives which may
be used to address river bottom sediments and pipelines. While current information have not
been analyzed to quantify threats to human health or the environment from the river bottom
sediments and pipelines, alternatives are developed in the event that future data show a need
for remediation. As directed in the CERCLA guidance document, the FS process is iterative
by design; new information, such as results of future sampling and analysis efforts and risk
assessment, will necessitate review of the conclusions reached here to determine the impact
of new information. For these reasons the alternatives are developed and screened to a lesser
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degree than is done in the main body of the FS for solid wastes, soils, and groundwater.
Additional screening is not meaningful without supporting data.

4.2 DEVELOPMENT OF ALTERNATIVES

As described in Section 5.2 of the main body of the 100 Area FS, remedial
alternatives are developed by combining representative technologies and process options to
provide integrated solutions. The alternatives are developed to span the range of GRAs.

The alternatives development process for river pipelines and sediments is presented
graphically in Figure F-8. Seven alternatives have been assembled. Each alternative is
described in the following sections.

Other considerations and assumptions used to develop alternatives are listed as
follows:

* River pipelines and sediments are considered jointly

* Alternatives that involve removal of river pipelines are based on the
assumption that this waste will be managed with the solid waste media-

* Alternatives that involve the treatment of water removed during dredging
operations are based on the assumption that wastewater will be managed in the
same manner as groundwater

4.3 EVALUATION AND SCREENING OF ALTERNATIVES

Section 5.3 in the main'body of the FS outlines the CERCLA FS process for
evaluating and screening alternatives against established criteria. A detailed discussion of the
evaluation and screening process as well as the criteria upon which the evaluation is based is
presented in section 5.3 of the main text. Note that this portion of the FS is modified to
reflect available information as discussed previously.

4.3.1 Alternative Screening Process

Each of the seven alternatives developed for riverbottom sediments and pipelines is
evaluated quantitatively based on analytical results. A decision is made to retain or screen
alternatives on this basis; as new information is developed the conclusions reached here will
be revisited for validation purposes. If, as a result of new data, the conclusions arrived at
here cannot be validated, other alternatives will be selected for detailed analysis.
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4.3.2 River Pipelines and Sediments Alternatives

4.3.2.1 Alternative RS-1: No Action for River Pipelines and Sediments. As explained
in Section 4.0 of the main text, the no action alternative is required by the NCP to serve as a
baseline for evaluation of other alternatives. The no action alternative is an appropriate
choice for sites where contamination does not exceed the level of unacceptable risk and/or is
in compliance with ARARs. This alternative represents a situation where no restrictions,
controls, or active remedial measures are applied to the site and contamination is found not
to be present or does not pose unacceptable risks to the public and environment. Selection of
this alternative is dependent on a risk assessment indicating acceptability. This alternative
may also be appropriate in situations where remediation pose more risk than no action.

4.3.2.2 Alternative RS-2: Institutional Actions for River Pipelines and Sediments. This
alternative involves use restriction to portions of the Columbia River within the Hanford 100
Area which contain river pipelines and sediments as defined in Section 3.4 of this appendix.
Volume, toxicity, and mobility of contaminants (if present) are not reduced by institutional
actions. However, access restriction to those portions of the Columbia River where river
pipelines and sediments are located, does reduce the potential for human exposure should
contamination exist. Two types of institutional actions are considered for this alternative:

* Use restrictions for portions of the Columbia River may be accomplished by
posting restricted areas along the river. Posting would indicate the potential
hazards associated with the location and could take the form of signs along the
river banks or buoys anchored within the river itself. Use restrictions deter
entry to areas where exposure to contamination could result and prevent
activities that could mobilize contaminants. Periodic inspection and repair
would be required.

* Water monitoring involves periodic sampling and analysis of downstream
Columbia River water. Water monitoring would allow assessment of
contaminant migration downstream and potential increases to environmental
and health risks.

4.3.2.3 Alternative RS-3: Containment Actions for River Pipelines and Sediments. A
single alternative has been developed for containment of river pipelines and sediments:

* Covers/Revetments: Riprap

Size and Configuration. This containment action is intended to take advantage of a
low-cost cover that prevents degradation of the river pipelines and erosion and resuspension
of potentially contaminated river sediments. This alternative involves placement of a riprap
cover over contaminated river pipelines and sediments to protect against erosion by the river.
The riprap cover will also prevent inadvertent contact with contaminated materials.
Construction of the riprap cover involves placing quarry stones or cobbles over areas of
contamination. These quarry stones or cobbles are placed using bottom-dump barges and/or
land-based earth moving equipment. The quarry stones or cobbles are dumped and allowed

F- 19



DOE\RL-92-11
Draft B

to settle on the river bottom. Quarry stones or cobbles are piled on the river bottom until the

size, depth, and consistency of the cover are adequate.

Containment Objective. The objective of the river pipelines and sediments

containment alternative is to prevent mobilization of contaminants as a result of pipeline

degradation and sediment erosion and subsequent resuspension.

Disposal Method and Distance. Containment implies in situ disposal which avoids

the need for disposal facilities.

4.3.2.4 Alternative RS-4: In Situ Treatment of River Pipelines and Sediments. One
alternative has been developed for the in situ treatment GRA:

Stabilization/Solidification
Soil mixing (sediments)
Pipeline anchoring (pipelines)

Size and Configuration. Refer to Section 3.1 of this appendix for a discussion of the

river pipeline and sediment volumes and configuration.

Major unit operations for the in situ treatment of river sediments and pipelines are

discussed below.

* The contaminated river sediments along the riverbank, associated with the
pipelines, and on the islands would be stabilized and solidified in situ using
shallow soil mixing equipment. Where applicable (specifically the islands)
land-based soil mixing machinery would be used. The sediments would be
stabilized with a cement-based grout to the maximum depth of contamination
(5 feet). Where the sediments are completely submerged (river bottom
sediments), barge mounted soil mixing equipment would be used. Quick
setting grout formulations suitable for underwater application would be used to
solidify the sediments to the maximum depth of contamination (2 feet for
sediments near the bank, 4 or more feet for sediments associated with the

pipelines). Sediments associated with the pipelines would be solidified by soil
mixing on both sides of the pipeline.

* Before the sediments associated with the pipeline are solidified, the pipelines
would be anchored. Any one of three anchoring methods are recommended.
The methods include filling the pipeline with grout to increase the bulk

density, stringing a cable through the pipeline and anchoring the cable at both
ends, and driving U-shaped anchors over the pipeline into the substrate.

Composition. In situ stabilized sediment would consist of the sediment media and a

binder, such as a cement-based formulation, capable of solidifying under water. Such
formulations are available, but a treatability study would be required to develop the binder
formula and engineering work would be needed to define the in situ mixing equipment.
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Disposal Distances and Methods. The proposed disposal method is in situ.
Contaminated sediments would be stabilized by solidification through soil mixing. Pipelines
would be stabilized in situ by anchoring.

4.3.2.5 Alternative RS-5: Removal and Disposal for River Pipelines and Sediments.
One alternative has been developed for this Removal/Disposal GRA:

* Removal:
Mechanical dredging (sediments)
Demolition (pipelines)

* OnSite Disposal:
Trenches/pits (dredged sediments and demolished pipelines)

* Capping:
- Hanford Barriers (radioactive and mixed waste.disposal sites)

Size and Configuration. Refer to Section 3.1 of this appendix for a discussion of the
river pipeline and sediment volumes and configuration.

Major unit operations are discussed below.

Alternative RS-5 Removal:

* Commercially available mechanical dredging equipment would be used to
remove the river bottom sediments along the bank, from the islands, and the
sediments associated with the pipelines. Historically, a clamshell dredge has
been used by the U.S. Army Corps of Engineers for sediment removal along
the upper Columbia River (Willard 1993). Barge mounted excavators would
remove the sediment and load it onto barges anchored nearby. Once full, the
barges would be shuttled to a dock where another clamshell excavator mounted
on the dock would unload the barge; the sediments would be transported to the
trenches/pits for disposal.

* The pipeline segments would be cut into sections small enough to be removed
and handled by a barge-mounted crane. The pipe sections would then be
loaded on to anchored barges. As with the sediment-loaded barges, the
pipeline-loaded barges would be shuttled to a dock for unloading; from there
the pipeline segments would be managed as solid waste.

Alternative RS-5 Disposal:

* The contaminated sediments are disposed of onsite in trenches/pits located in
the 200 Area.

* The Hanford Barrier would be used for closure of the trenches/pits.
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Flow Rates and Composition. The 100 Area Past Practice Site Cleanup and
Restoration Conceptual Study (WHC 1991c) developed estimated excavation rates necessary
to remediate contaminated soils by year 2018 assuming a 20 year remediation period.
Sediment excavation rates were developed using the same assumptions. Contaminated
sediment volumes and excavation rates are presented in Table F-10.

A description of the river pipeline and sediment compositions is presented in
Section 1 of this appendix.

Disposal Distances and Methods. The proposed disposal method for low-activity
radioactive and mixed waste in both alternatives is onsite trenches/pits in the 200 Area. The
Hanford Barrier is specified for use where appropriate to close the trenches/pits.

4.3.2.6 Alternatives RS-6 and RS-7: Removal, Treatment, and Disposal Alternatives
for River Pipelines and Sediments. Two alternatives have been developed for the
Removal/Treatment/Disposal GRA:

Alternative RS-6:

* Removal:
Mechanical dredging (sediments)
Demolition (pipelines)

* Physical Treatment:
Soil Washing (sediments)

0 Dewatering:
Thermal drying (sediment fines from soil washing)

* Stabilization/Solidification:
Vitrification (sediment fines from soil washing)

0 On-Site Disposal:
Trenches/pits (vitrified wastes and demolished pipelines)

* Capping:
Hanford Barriers (radioactive and mixed waste disposal sites)

Alternative RS-7:

* Removal:
Hydraulic dredging (sediments)

- Demolition (pipelines)

* Physical Treatment:
- Soil Washing (sediments)
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0 Dewatering:
Mechanical (sediment fines from soil washing)

* Stabilization/Solidification:
- Cement-based (sediment fines from soil washing)

0 On-Site Disposal:
- Trenches/pits (cemented sediment fines and demolished pipelines)

0 Capping:
- Hanford Barriers (radioactive and mixed waste disposal sites)

Size and Configuration. Refer to Section 3.1 of this appendix for a discussion of the
river pipeline and sediment volumes and configuration.

Major unit operations for each alternative are discussed below.

Alternative RS-6 Unit Operations.

* Commercially available mechanical dredging equipment would be used to
remove the river bottom sediments along the bank, from the islands, and the
sediments associated with the pipelines. Historically, a clamshell dredge has
been used by the U.S. Army Corps of Engineers for sediment removal along
the upper Columbia River (Willard 1993). Barge mounted excavators would
remove the sediment and load it onto barges anchored nearby. Once full, the
barges would be shuttled to a dock where another clamshell excavator mounted
on the dock would unload the barge; the sediments would be transported to the
soil washing site.

* The pipeline segments would be cut into sections small enough to be removed
and handled by a barge-mounted crane. The pipe sections would then be
loaded on to anchored barges. As with the sediment-loaded barges, the
pipeline-loaded barges would be shuttled to a dock for unloading; from there
the pipeline segments would be managed as solid waste.

* Through physical soil washing, sediments are classified by particle size using a
power screen (other types of equipment may also be appropriate). The
purpose of this initial classification is to separate large particles (such as coarse
sand, gravel, and rocks) from the finer-grained material. Because of higher
cation exchange capacity, the bulk of radionuclide and heavy metal
contamination is preferentially adsorbed on the surfaces of smaller-sized
sediment fines. Larger sediment particles are removed from the waste stream
at this stage (provided that it is clean enough to meet RAOs) and may be used
as fill material.

* Fines are then transferred to a thermal dewatering unit. Process water is
evaporated and dry fines are readied for solidification.
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e The final unit operation is solidification of dewatered fines in a vitrification
unit. Glass formers and fluxes are added to the fines and melted in a joule-
heated vitrification unit to form a dense, glassified waste form (other reactors
using other sources of heat, such as plasma torches, may also be appropriate).

* Alternative RS-6 operations result in a glassified waste form requiring
disposal. Low-activity radioactive and mixed wastes would be placed in
pits/trenches, which are located in the 200 Area.

* The Hanford Barrier would be used for closure of trenches/pits.

Alternative RS-7 Unit Operations.

* Commercially available hydraulic dredging equipment would be used to
remove the river bottom sediments along the bank and the sediments associated
with the pipelines. Island sediments would be removed with the hydraulic
dredge if they are submerged. Island sediments above the water level would
be removed with a barge- or land-based excavator, such as a clamshell or
backhoe. Hydraulic dredging generates a slurry of approximately 10 to 20
percent by weight sediment (Petersen 1986). This slurry would be pumped to
either a large barge-based or a land-based handling station. The handling
station would pump the slurry through pipelines directly to the soil washing
site.

* The pipeline segments would be cut into sections small enough to be removed
and handled by a barge-mounted crane. The pipe sections would then be
loaded on to anchored barges. The pipeline-loaded barges would be shuttled
to a dock for unloading; from there the pipeline segments would be managed
as solid waste.

* Through physical soil washing, sediments are classified by particle size using a
power screen (other types of equipment may also be appropriate). The
purpose of this initial classification is to separate large particles (such as coarse
sand, gravel, and rocks) from the finer-sized material. Because of higher
cation exchange capacity, the bulk of radionuclide and heavy metal
contamination is preferentially adsorbed on the surfaces of smaller-sized
sediment fines. Larger sediment particles are removed from the waste stream
at this stage (provided that it is clean enough to meet RAOs) and may be used
as fill material.

* Mechanical dewatering such as a settling basin or a centrifuge is then used to
separate the fines from the water. The water is monitored for contamination.
If the water is clean enough to meet RAOs, it may then be returned to the
river. If the water does not meet RAOs, it is treated using the treatment
options for contaminated groundwater.

F-24



DOE\RL-92-1
Draft B

0 The contaminated sediment fines would be stabilized for disposal by
solidification in a cement-based matrix. The stabilization and solidification
process might be accomplished, for example, in a batch-operated mixer, which
discharges a mixture of sediments and grout (consisting of cement and
additives as appropriate) into disposal containers.

* The cemented sediment fines are transported to trenches/pits located in the 200
Area for permanent onsite disposal.

* The Hanford Barrier is used for closure of the trenches/pits.

Flow Rates and Composition. Refer to the discussion in Section 4.3.2.5 of this
appendix.

Disposal Distances and Methods. The proposed disposal method for low-activity
radioactive and mixed waste in both alternatives is onsite trenches/pits at the 200 Area. The
Hanford Barrier is specified for use where appropriate to close trenches/pits in the 200 Area.

4.3.3 Alternatives Evaluation

There is currently no risk assessment available which indicates unacceptable risk from
contamination in the Columbia River system. In the CERCLA process, the evaluation of
remedial alternatives involves assessment of the ability of each alternative to reduce risks to
acceptable levels. Therefore, until such time as unacceptable risks are identified, further
evaluation and comparison of alternatives would not be meaningful and cannot be confidently
performed based on available information. Prior to further evaluation of the alternatives, the
following information is required:

* Data sufficient to identify specific contaminant types and levels exceeding
background values

* A baseline risk assessment identifying contaminants of concern, potential
exposure pathways and receptors, and a toxicity assessment of the
contaminants

* An assessment of the risks versus benefits of remediation in the Columbia
River ecosystem.

Based on current information, the no action alternative seems to be a viable option for
many of the sites associated with the river sediments and pipelines. Should future
characterization work identify specific areas where remediation is warranted, the alternative
identified in this appendix can be further evaluated and screened for the specific application.
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5.0 TECHNOLOGY AND PROCESS OPTION DESCRIPTIONS

This section includes descriptions of technologies which are potentially applicable for

remediation of the river pipelines and sediments. In accordance with CERCLA FS guidance

(EPA 1988a), a broad range of technologies representing relatively simple responses, such as

institutional actions, to more complex remediation approaches involving treatment are

discussed.

The technology descriptions contain five general sections:

S* Applicability (potential) - the media or type of contamination which may be
remediated by the specific technology

* General description - a brief discussion of technical characteristics

* Implementability - discussion and qualitative rating pertaining to both technical

and institutional implementability of the technology

* Effectiveness - a brief overview of the type of waste for which the technology
is intended and a qualitative rating of its effectiveness in providing a
remediation for this type of waste

* Cost - cost of the technology relative to other process option costs within the
same technology group on a low, moderate, high, or very high scale.

Table F-l1 presents the technologies and process options which were analyzed in this

feasibility study of river pipelines and sediments.

The order of presentation for technology descriptions in this appendix coincides with

the screening discussions in Chapter 3.0 of this appendix. The technologies are organized

initially by applicable media and then by general response action. The grouping of
technologies is best illustrated by referring to Figure F-7 which illustrates technology
screening graphically.

5.1 ACCESS RESTRICTIONS

Use Restrictions. Refer to the discussion on "Deed Restrictions," Appendix C, Section

1.1.2 under "Access Restrictions" in the "Solid Waste Technology Descriptions." Because

the river is public, deed restrictions cannot be applied, but use restrictions may be applied to
restrict commercial and recreational use of the Columbia River. Use restrictions prevent

entry to areas where exposure to contamination could result as well as preventing activities
that could mobilize contaminants.
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5.2 MONiTORING

Applicability. River water

General Description. Water monitoring of the Columbia River water is performed

by periodic sampling of locations along the river downstream from the suspected

contamination, by continuous water monitoring of stations set up along the river downstream

from the suspected contamination, or by a combination of both methods. Water samples are

collected and analyzed for contaminants of interest. Continuous water monitoring for
radionuclide contaminants is performed by installing continuous reading and recording
probes/meters in the river flow path.

Inplementability. Water monitoring along the river is routinely performed at the

Hanford Site. Continuation and expansion of the water monitoring would be easily
implementable.

Effectiveness. Properly designed, constructed, maintained, and operated water
monitoring systems are highly effective in assessing existence of contamination in the river

water. These systems can also be used to gauge the success of remedial activities.

Monitoring alone is not effective in protecting human health and environment. Monitoring

may not be able to provide advanced warning of the movement of contaminants in the water

(such as the case with groundwater monitoring) due to the high flow velocity of the river.

Cost. The cost of performing water monitoring along the Columbia River is low.

Sampling can be performed easily with little preparation and minimal specialized equipment.
Analytical costs make up the majority of the cost associated with water monitoring.
Operating and maintenance costs depend on the analytical parameters to be determined, the

monitoring frequency, and the data interpretation activities associated with the monitoring

program.

5.3 COVERS/REVETMENTS

The following covers/revetments for contaminated river sediments and pipelines are

discussed below:

0 Silt/Clay/Sand
* Grout
0 Riprap
* Mattresses.

5.3.1 Silt/Clay/Sand

Applicability. Sediments and pipelines.
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General Description. Silt/clay/sand covers are constructed by spreading clean sand,
clay, silt, or dredged river bottom sediment over the area of contamination. The cover aids
in minimizing the leaching of contaminants and prevents erosive transport of the
contaminated sediments. Cover materials have application for temporary or permanent
containment of hazardous waste constituents. Their use is generally limited to protected open
waters where bottom currents and flow velocity are not sufficient to erode the cover (EPA
1985).

Implementability. The materials necessary to construct the cover can easily be
obtained by dredging other areas of the Columbia River or by excavating surface soils from
the Hanford Site. General construction equipment can be used to excavate the surface soils
and dredges can be used to remove the sediments and to place the cover material. Methods
used to place the cover material include point dumping, using the pumpdown method, or the
submerged diffuser system (EPA 1985).

The point dumping method involves simply dumping the cover material from barges,
scows, or hopper dredges. This method results in a high degree of turbidity and dispersion
of both the cover material and the contaminated sediments. This method is also difficult to
implement in shallow waters due to the deep draft required by the barges or hopper dredges
(EPA 1985).

The pumpdown method uses a pumpdown barge to pump the cover material from a
scow, barge, or land-based storage area down a discharge pipe whose termination point is set
close to the bottom of the river. This method is limited to relatively calm waters and is not
applicable in shallow waters due to the deep draft required by the barges. This method is
much slower than the point dump method (EPA 1985).

The submerged diffuser system is similar to the pumpdown method in that the cover
material is pumped through a pipe from a barge, scow, hydraulic dredge, or land-based
storage area to the river bottom where it is spread over the contaminated area by a
submerged sediment diffuser. This method has the same limitations as the pumpdown
method, i.e, not applicable in shallow water and much slower than the point dump method.
This method does provide the most controlled placement of cover material and the least
amount of turbidity and resuspension of contaminated sediments (EPA 1985).

All three methods are difficult to implement in shallow water (EPA 1985). Turbidity
and resuspension in the river must also be considered when choosing a placement method.

Effectiveness. Silt/clay/sand covers may be used as interim measures for short-term
control of contaminant mobility due to erosion. The high flow velocities of the Columbia
River, especially during peak runoffs (DOE 1991c), could lead to rapid erosion and
ineffectiveness of the cover. The effectiveness and durability of the silt/clay/sand covers can
be increased if used in conjunction with isolation process options such as dikes or berms so
that the river flow velocity is reduced in the area of the cover.

Silt/clay/sand covers reduce, but do not eliminate, the leaching potential of
contaminants that are mobile in groundwater (EPA 1985).
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Cost. The cost of placing silt/clay/sand covers over contaminated river sediments is
moderate. Cover materials are readily available and inexpensive. The cost of emplacement
is dependent on the method used. Point dumping is the cheapest placement method due to its

speed relative to the other methods (EPA 1985). Continual maintenance of the cover would
likely be necessary, increasing life cycle costs.

5.3.2 Grout

Applicability. Sediments and pipelines.

General Description. Cement or other grouting materials can be applied to the
surface of or mixed with bottom sediments to create a cover or seal which minimizes erosive
transport of contaminated sediments. A grout cover can be emplaced by first diverting the
river flow away from the area (i.e., using cofferdams or diversion channels) or without river
diversion.

If the river is diverted, one of two emplacement methods can be used (EPA 1985).
The first is to pneumatically apply a layer of concrete (shotcrete) or grout to form a surface
seal. The second is to mix concrete, quicklime, or a grout material with the top layer of the
contaminated sediments (similar to shallow soil mixing; see Section 3.10.3 of Appendix C).

If the river is not diverted, grouts can be applied underwater. Methods for applying
concrete or grout underwater include concrete pumps and grouting preplaced aggregate.
Mobile concrete pumps, which may be barge-mounted or used on shore, are widely used for
placing concrete underwater (EPA 1985). Grouting of preplaced aggregate is a method that
has been used in flowing streams and rivers. A course aggregate or combination of several

types of aggregate are preplaced in forms. Grout made of cement, sand, and water can then
be forced through pipes to fill the voids in the aggregate (Portland Cement Association
1979). Following the emplacement of the grout cover/seal, the sediment bottom can be
restored to its natural grade and sediment composition with clean sediment in an effort to
restore the river bottom habitat (EPA 1985).

Implementability. The implementability of the two methods for placing grout covers
after river diversion are largely dependent on the implementability of the river diversion
techniques (see Sections 5.4.1 and 5.4.3). Grout materials are readily available, as is the
equipment necessary for placement of the grout or shotcrete. Soil mixing of the top layer of
the contaminated sediments has been performed in very soft sediments using a soft ground
crawler vehicle called the Soil Limer (Yamanouchi et al. 1978; Nissan Hodo, Co. Ltd.
undated). The overall implementability is considered moderate.

Effectiveness. Grout covers may be used as interim measures for short-term control
of contaminant mobility due to erosion. Grout covers are not as susceptible to erosion as
silt/clay/sand covers but may require periodic maintenance. The effectiveness and durability
of the grout covers can be increased if used in conjunction with isolation process options,
such as dikes or berms, so that the river flow velocity is reduced in the area of the cover.
High velocity flow over grout covers can create a lifting effect; cracks which may form in
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the cover will allow for undermining of the cover. Effectiveness is considered moderate
relative to other covers/revetments.

Simple grout covers reduce, but do not eliminate, the leaching potential of
contaminants that are mobile in groundwater. The effectiveness of grout covers is at best
moderate.

Cost. The cost of constructing a grout cover over the contaminated river sediment is
high relative to other cover/revetment methods. The material cost of cement is high relative
to the natural materials used in silt/clay/sand covers and riprap. Specialized placement
equipment (i.e., Soil Limer) requirements also add to the capital cost. Periodic maintenance
may be necessary, increasing life-cycle costs.

5.3.3 Riprap

Applicability. River sediments and pipelines.

General Description. Riprap is a protective cover comprised of stones placed on
river sediments to prevent erosion. Riprap generally consists of quarry stones that are well
graded from large to small. The small size stones are required to ensure that large voids do
not exist in the cover after placement. The angularity of quarry stones result in a well-
packed, stable cover (Petersen 1986). The largest size stones required is generally a function
of the river velocity. That is, the stone size should be selected so the cover remains stable
against river flow velocities. Less expensive cobbles can be used in place of expensive
quarry stones in situations where the grade of the river bank is relatively flat (Petersen
1986).

Implementability. The use of riprap covers for erosion control in rivers is well
developed technology. Riprap blankets are currently in use for erosion control in the
Arkansas and Red Rivers (Petersen 1986). Riprap covers can be mass produced;
construction is fast and economical (Petersen 1986). Riprap covers are considered easily
implementable along the Columbia River.

Effectiveness. Riprap covers are considered to be moderately effective for
controlling resuspension and erosion of contaminated sediments along the Columbia River.
Placement of the riprap cover will likely cause resuspension of some contaminated sediments
(EPA 1985). However, once the cover is in place, erosion control will be effective.

Cost. Construction of riprap covers is not difficult and essentially involves sinking
the quarry stones over the contaminated sediments. The primary expense will involve
obtaining the quarry stones and transportation to the Columbia River location. Cobbles may
be used instead of quarry stones, reducing the initial cost. Therefore, the cost of riprap
covers is considered to be low.
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5.3.4 Mattresses

Applicability. Sediments and pipelines.

General Description. Mattresses are protective covers placed on river sediments to
prevent erosion. These mattresses are generally placed on underwater banks and extend from

the water's edge at low water out onto the river bed (Petersen 1986). Mattresses are
generally constructed of lumber, reinforced asphalt, or articulated concrete (Petersen 1986).
Large sections of mattresses are generally constructed directly above the area of the river
sediments to be covered. As each section of the mattress is completed, it is sunk into place.

Implementability. The use of mattresses to cover riverbanks for erosion prevention
is a well developed technology. Articulated concrete mattresses are currently in use today
along the Mississippi River (Petersen 1986). This technology is therefore considered easily
implementable along the Columbia River.

Effectiveness. Mattresses could prevent resuspension and/or erosion of contaminated
sediments. However, the longevity of such mattresses is unknown and would likely require
periodic maintenance and replacement over time the contaminated sediments are considered
to pose a significant hazard to human health and the environment. Thus, mattresses are
considered moderately effective.

Cost. The cost of fabrication, placement, maintenance, and periodic replacement of
mattresses is considered high in comparison to other cover/revetment technologies.

5.4 ISOLATION

The following methods of isolating contaminated river sediments and pipelines are
discussed below:

* Cofferdams
* Silt Curtains
* Diversion
* Dikes/Berms.

5.4.1 Cofferdams

Applicability. Used in conjunction with a Removal Technology.

General Description. A cofferdam is a structure built around a contaminated area in
a waterbody for the purpose of isolating that area from the stream flow. The water held
within the confines of the cofferdam is then removed to allow access to the river bottom.
Cofferdams are comprised of a physical obstruction that effectively diverts the flow of water.
They may be constructed of many materials, including soil, sheet piling, earth-filled sheet
pile cells, and sand bags (EPA 1985).
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Implementability. Cofferdams are most effectively constructed in shallow ports,
streams, and rivers, or waters with low flow velocities. Construction difficulty for pile
driving may be encountered when flow velocities exceed 2 ft/s or water depths exceed 10
feet (EPA 1985). Difficulty is also encountered when driving sheet piles because of cobbles
typically present in the river bottom sediments. Due to surface water velocities, sometimes
in excess of 11 ft/s, in the Hanford Reach of the Columbia River (DOE 1991c), cofferdams
are considered to be difficult to implement.

Effectiveness. Cofferdams constructed by the Corps of Engineers along the Snake
River in similar river sediments were found to be not effective in preventing the inflow of
water into the area being isolated by the cofferdams (Willard 1993). The high permeability
of the underlying river sediments allows high water flow rates under the cofferdams. The
cofferdams therefore have limited effectiveness in isolating the contaminated area.

Cost. Costs to construct cofferdams would be moderate in relation to other isolation
technologies. Primary resource costs would involve the material used for the cofferdam
(e.g., sheet pilings) and pile driving equipment. High operations costs are associated with
keeping the water pumped out of the area within the cofferdam.

5.4.2 Silt Curtains

Applicability. Used in conjunction with a Removal Option.

General Description. Silt curtains are low permeability floating barriers that extend
vertically from the surface to a specified depth. Silt curtains are used to control the surface
turbidity in the vicinity of a small dredging or capping operation (EPA 1985). Silt curtains
are generally constructed of a flexible skirt material, such as polyester or nylon reinforced
PVC. The skirt is anchored at the base with a ballast chain and a with a tension line at the
top. The skirt is held in the desired configuration by anchored lines (EPA 1985).

Implementability. Silt curtains are most easily deployed in calmer waters with low
flow velocities (i.e., less than 2 ft/s) and minimal wave influences (EPA 1985). In higher
flow velocity waters, silt curtains are difficult to deploy and maintain. The implementability
in the Columbia River is considered difficult.

Effectiveness. Due to surface water velocities sometimes in excess of 11 ft/s in the
Hanford Reach (DOE, 1991c), silt curtains are not considered an effective primary
alternative. However, they may be used in conjunction with other isolation options (i.e.,
dikes and berms).

Cost. Costs to construct silt curtains would be low in relation to other isolation
technologies. Primary resource costs would involve the material used for the curtain and
associated anchors.
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5.4.3 Diversion

Applicability. Used in conjunction with a Removal Option.

General Description. Diversion requires a complete rechanneling of a river reach to
isolate the contaminated area from flow. The diversion may be instituted by a combination
of cofferdams, pipes, and channels to divert the course of the river (EPA 1985). The
contaminated sediment area is isolated by rechanneling the course of the river from an
upstream point. The water may be diverted through a secondary channel or conduit and
reunited with the primary channel at a downstream location. Diversion techniques typically
require the complete flow of the stream be diverted, such as by physical obstacle (e.g.,
cofferdam) (EPA 1985). Another alternative is to divert flow by pumping the water through
pipes.

Implementability. Diversion of the Columbia River would be very difficult due to
the size and flow volume, which ranges from 36,000 to 450,000 ft/s (DOE 1991c).
Diversion of the Columbia River would require construction of an alternate channel for the
river's flow. That channel would most likely be across the Hanford Site, which has other
areas of contamination. The alternate channel would require extremely large scale
excavation. Regulatory approval for diverting the Columbia River would also be very
difficult (Willard 1993).

Effectiveness. Diverting the Columbia River would be a highly effective remedial
action. Diversion would isolate the contaminated area from the river's flow, greatly
reducing the mobility of the contamination. Diversion would also allow for easy access by
land-based equipment to excavate the contaminated soil for disposal or treatment and
disposal. The contaminated area would also be accessible for in situ remediation or
containment options. However, it should be noted that changing the course of the river
would have a major effect on the groundwater movement in the area. Any changes to
groundwater movement would likely affect groundwater remediation alternatives that are
planned or being implemented.

Cost. Costs to divert the course of the river through physical obstructions or
pumping would be very high in relation to other isolation technologies. Excavation costs
would be extreme as would the cost associated with the construction of cofferdams or semi-
permanent dams.

5.4 Dikes and Berms

Applicability. Used in conjunction with a Removal Option.

General Description. Retaining dikes and berms can be used to minimize the
transport distance of contaminated sediments which are mobilized by dredging. Retaining
dikes and berms include earthen embankments, earth-filled sheet pile walls, water inflated
dams, or other materials designed to minimize sediment transport (EPA 1985).
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Implementability. Earthen dikes can be constructed quickly and easily using earth
moving equipment (i.e., bulldozers, mechanical dredging equipment) (EPA 1985).
Alternatives using sheet piling or securely anchoring water inflated dams are not
implementable due to high flow velocities. Construction of any earthen structure in the
Columbia River will require permitting by the U.S. Army Corps of Engineers which may be
difficult (Willard 1993). The number of dikes or berms that would be required to control the
flow velocity in the area of contamination would be very high. Construction of a large
number of dikes would probably adversely affect the salmon spawning grounds. Overall, the
implementability of dikes and berms is considered difficult. Dikes/berms would also cover
part of the contaminated media, necessitating more difficult removal options.

Effectiveness. Dikes and berms would be moderately effective in reducing the
transportation potential of the contaminated sediments, especially during dredging operations,
by reducing the flow velocity around the areas of contamination.

Cost. Costs to divert the course of the river with dikes or berms would be high in
relation to other isolation technologies. The flow velocity and discharge rates of water (DOE
1991c) would require a large scale, significant effort to effectively redirect the flow of water.

5.5 IN SITU STABILIZATION/SOLIDIFICATION

The following in situ stabilization/solidification techniques are discussed below.

* Pipeline anchoring
* Soil mixing
* Grout injection
* Ground freezing

5.5.1 Pipeline Anchoring

Applicability. Submersed effluent pipelines.

General Description. Several measures may be taken to anchor pipelines into the
substrate to preclude inadvertent transport. The pipelines could be grouted in place by filling
the annulus with cement or other grouting material. This would increase the bulk density of
the pipe where suspended transport would no longer be plausible. Other methods may
include driving large U-shaped brackets over the pipe and into the substrate. Each bracket
would be sunk a distance of approximately 10 feet. The brackets would secure the pipe in
place, even if the pipe were to be breached. An additional method would be to place a cable
through the length of the pipe and secure the cable at either end. If any section of the pipe
were to become dislodged, it would still be secured by the cable.

Implementability. The grouting method would require that some type of material be
pumped in the pipe annulus at pressure. Care must be taken to minimize differential filling
as a result of blockages or existing breaches in the pipeline. The U-shaped brackets would
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require a means to drive them into the substrate, such as pile driving equipment. Running a
cable through the existing pipelines would require a means to breach the pipe for entry and
exit as well as the need to effectively string the cable through the annulus. Any of the
methods would be relatively easy to perform. Anchoring of underwater pipelines and
telecommunication cables is an established technology.

Effectiveness. All suggested methods should be highly effective in securing the
pipeline in the short term. Degradation of the cable or anchors over time make the long-
term effectiveness unknown. Pipeline anchoring by cable or U-shaped anchors does not
stabilize or solidify the contaminated scale inside the pipelines. Filling the pipeline with
grout does reduce the mobility of the scale contaminants in the short term but rusting of the
pipe from the outer surface will expose the scale to the water in the long term.

Consideration should be given to the ease in which complete physical removal may be
implemented should it be deemed necessary. The grout filled pipe sections may result in
prohibitively heavy sections which additionally would be very difficult to cut into manageable
sections. The U-shaped brackets may be the easiest to remove if necessary. Efforts may be
made to pull the brackets off (e.g., with the assistance of a crane) or they could simply be
burned off with an underwater torch.

Due to the uncertainty of the effectiveness of the anchors in the long term, the
process option is considered only moderately effective.

Cost. All methods would be inexpensive to implement relative to other stabilization/
solidification options. The U-shaped brackets may be the least expensive method, with
grouting probably remaining as the highest and the cable having an intermediate relative cost.

5.5.2 Soil Mixing

Refer to discussion on "Shallow Soil Mixing," Appendix C, Section 3.10.3, under "In
Situ Stabilization/ Solidification" technologies in the "Soils and Riverbank Sediments
Technology Descriptions.'

5.5.3 Grout Injection

Refer to discussion on "Grout Injection," Appendix C, Section 1.10.1, under "In Situ
Stabilization/Solidification" technologies in the "Solid Waste Technology Descriptions."

Grout Injection is not implementable due to the lack of void space in the saturated
sediments.
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5.5.4 Ground Freezing

Refer to discussion on "Ground Freezing," Appendix C, Section 3.10.6, under "In
Situ Stabilization/ Solidification" technologies in the "Soils and Riverbank Sediments
Technology Descriptions."

Ground freezing of the river sediments is not implementable because of the infinite
heat sink provided by the flowing Columbia river.

5.6 RIVER-BASED REMOVAL

The following methods of river-based removal of contaminated river sediments and
pipelines are discussed below:

* Mechanical dredging
* Hydraulic dredging
* Demolition.

5.6.1 Mechanical Dredging

Applicability. River sediments.

General Description. Mechanical dredging involves the use of vessel-mounted
draglines, clamshells, or bucket ladders. Essentially these are standard excavation equipment
that have been barge-mounted for the purpose of underwater sediment removal. Mechanical
dredging techniques remove sediments at nearly in-situ densities and thereby maximize solids
content (EPA 1985). However, these techniques typically operate at low process rates and
tend to resuspend sediments. Mechanical dredging is applicable to relatively shallow streams
and rivers that have low flow velocities (EPA 1985).

Implementability. Mechanical dredging equipment is readily available and
commonly used for river sediment removal. The U.S. Army Corps of Engineers frequently
uses mechanical dredging along the Columbia River to keep shipping channels open and
excavate dock areas (Willard 1993). There are two primary limitations to the use of
mechanical dredging for removing sediments from the Columbia river: resuspension of
contaminated sediments and shallow water application (EPA 1985). However, resuspension
of sediments has not been a problem encountered by the U.S. Army Corps of Engineers
during their dredging operations along the Columbia (Willard 1993). Small, shallow water
dredges may be required in some areas. An additional limitation specific to the area is that
dredging in the upper Columbia River near the Hanford Site is limited to two months of the
year (January and February) due to spawning habits of the salmon and spring runoffs
(Willard 1993). These limitations reduce the implementability of mechanical dredging from
easy to moderate.
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Effectiveness. Mechanical dredging is considered highly effective because it can
remove the contaminated sediment from the river, thereby eliminating potential threat to
human health and environment.

Cost. The cost of mechanical dredging to remove contaminated sediments is
considered moderate. Operating costs are moderate and are somewhat dependent on the size
of dredging equipment (the larger equipment will have smaller operating costs per cubic yard
of material removed) (EPA 1985). Equipment costs are low, assuming that contract dredging
companies are readily available in the area.

5.6.2 Hydraulic Dredging

Applicability. River sediments.

General Description. Hydraulic dredging involves removal of sediments by pumping
in a liquid slurry form. Sediments are dislodged from river bottoms by plain suction,
cutterhead, dustpan, or hopper methods (EPA 1985). Once dislodged the sediments are
pumped to the surface with centrifugal pumps. Slurries of 10 to 20 percent solids by wet
weight are typical for standard hydraulic dredging operations (Petersen 1986). The suction
end of the dredge is mounted on a movable ladder to enable variable dredging depths.

Hydraulic dredges are applicable to streams and rivers with appreciable flow
velocities (EPA 1985). This technique can be operated at process rates greater than
mechanical dredges and can minimize resuspension of sediments by surrounding the suction
end of the dredge with a hood. The primary disadvantage of hydraulic dredging is the large
volumes of water that are removed with the sediments.

Implementability. Hydraulic dredging equipment is readily available and commonly
used for river sediment removal. Therefore, these techniques are considered easily
implementable in the Columbia River. The high water content of the slurry makes handling
of the dredged material more difficult. A dewatering system would be required (see Section
5.12). An additional limitation specific to the area is that dredging in the upper Columbia
River near the Hanford Site is limited to two months of the year (January and February) due
to spawning habits of the salmon and spring runoffs (Willard 1993). These limitations
reduce the implementability of mechanical dredging from easy to moderate.

Effectiveness. Hydraulic dredging is considered highly effective because it can
remove the contaminated sediment from the river, thereby eliminating potential threat to
human health and environment. Although hydraulic dredging removes sediments along with
large quantities of water, the contaminants are assumed to be adsorbed to the sediments.
Therefore, the water may be uncontaminated, and only require separation from the
sediments. The overall effectiveness of this technique is considered high.

Cost. The cost of hydraulic dredging to remove contaminated sediments from the
Columbia River is considered high relative to the other river-based removal options.
Operating costs are moderate due to the energy costs that result from pumping high volumes
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of slurry (EPA, 1985). Capital costs are high because of the additional construction of
dewatering systems to handle the slurry. High capital costs would be expected for the use of
a large hopper dredge or tanker ship.

5.6.3 Demolition

Applicability. Submerged effluent pipelines.

General Description. Demolition is the initial operation in removal of the pipeline.
The existing pipeline would have to be cut into smaller, more manageable sections to
facilitate removal. A crane or other hoisting device would be used to remove the pipe
segments.

Implementability. Standard barge-mounted hoisting equipment could be employed.
Underwater rigging would be completed by divers. Some sediment dredging may be
required to expose buried lengths of pipeline. Cutting with underwater torches is required
for sizing pipelines into manageable lengths. The implementability of the demolition of the
pipelines is considered easy.

Effectiveness. The physical removal of the submerged pipelines would result in the
most effective long term solution by removing a potential source of contaminants. The only
limitation to pipeline demolition is that contaminants may be resuspended during removal.
Remedies, such as sealing the end of each section of pipeline prior to removal, may be
required. Overall, demolition is considered highly effective.

Cost. Costs would be a moderate one time cost. Specialized equipment would not
have to be designed; routine technologies would probably suffice. Significant line item costs
would include barge-mounted hoisting apparatus, and underwater riggers. In general, cost is
considered to be low.

5.7 LAND-BASED REMOVAL

5.7.1 Excavation

Refer to discussion on "Excavation," Appendix C, Section 1.7.1, under "Removal"
technologies in the "Solid Waste Technology Descriptions."

Applicability. Land-based excavation is not applicable to the island sediments nor
the sediments associated with the pipelines because of the distance from the shore to these
locations.

Implementability. Land-based excavation will be difficult to implement for river
bottom sediments along the riverbank because of the long reach required. Typical excavation
equipment will not perform well on saturated and submerged sediments. The equipment will
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tend to sink. Special equipment designed to "float" on saturated sediments could be used.

Land-based removal of the river bottom sediments also shares some of the same limitations

as mechanical dredging (i.e., resuspension of contaminated sediments and a narrow two

month window to perform the excavation). Land-based excavation is considered difficult.

5.8 ONSITE DISPOSAL

Refer to discussion on "Onsite Disposal," Appendix C, Section 1.8 in the "Solid
Waste Technology Descriptions."

5.9 OFFSITE DISPOSAL

Refer to discussion on "Offsite Disposal," Appendix C, Section 1.9 in the "Solid
Waste Technology Descriptions."

RCRA landfills are not implementable for the river bottom sediments and pipelines

because of the suspected radionuclide contamination. RCRA landfills will not accept
radioactive or mixed waste.

5.10 PHYSICAL TREATMENT

Soil Washing. Refer to discussion on Physical Soil Washing, Appendix C, Section
3.16.2, under "Physical Treatment" in the "Soils and Riverbank Sediments Technology
Descriptions.

5.11 CHEMICAL TREATMENT

Soil Washing. Refer to discussion on Chemical Soil Washing, Appendix C, Section
3.17.2, under "Chemical Treatment" in the "Soils and Riverbank Sediments Technology
Descriptions."

5.12 DEWATERING

The following methods of dewatering contaminated river sediments are discussed
below:

* Mechanical
0 Thermal drying.
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5.12.1 Mechanical Dewatering

Applicability. River sediments removed in the form of a slurry.

General Description. Mechanical dewatering is a mineral processing technology
involving either gravity and centrifugal forces through screens or sedimentation to obtain
water separation (Cummins and Given 1973). These processes are typically used in the
mining industry for solid-liquid separation of slurries and can achieve capacities in the tons
per hour range. Mechanical dewatering processes do require laboratory testing to determine
capacity and operating requirements for full-scale processes.

Screens are generally filtering processes that dewater by removing suspended solids
from a slurry, thereby leaving a liquid effluent. Selection for particular applications depend
on the particle sizes to be removed from the slurry. Shaking- or vibrating-type screens are
applicable for larger particle sizes whereas centrifugal or sieve screens are applicable for
smaller particle sizes. Centrifugal screens enhance dewatering by increasing the applied
forces on moisture adhering to particles (Cummins and Given 1973).

Sedimentation involves establishing flow velocities that will cause particles to fall out
of suspension. This settling velocity depends primarily on Stokes law; however, it can also
be influenced by conditions that hinder settling (Cummins and Given 1973). The
sedimentation process can be enhanced by the addition of flocculants. Some type of filtration
typically follows sedimentation as a polishing step to remove any particles remaining in
suspension.

Implementability. Mechanical dewatering is a well established technology that is
commonly used in the mining industry. However, application of this technology to
radiologically contaminated river sediments is unknown. The technology is considered to be
moderately implementable.

Effectiveness. The effectiveness of mechanical dewatering is dependent on the
properties of the slurry influent as well as the degree of dewatering desired. River sediment
removal by methods other than hydraulic dredging would not form a slurry without the
addition of water. Therefore, mechanical dewatering is considered moderately effective for
dewatering hydraulically dredged river sediments and limited otherwise.

Cost. The cost of mechanical dewatering is considered low to moderate because
capital costs are moderate and represent the majority of the process cost. Operating costs are
relatively low for screen operations although increase for centrifugal screens and
sedimentation basins that require constant energy consumption. The overall cost is
considered to be low.

5.12.2 Thermal Drying

Applicability. River sediments.
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General Description. Thermal drying is a mineral processing technology involving
the application of heat to separate water from solids. These processes are used in the mining
industry for drying minerals. Thermal dewatering typically involves vaporizing moisture by
direct contact of particles with hot air. Thermal drying processes include rotary dryers, flash
dryers, tray dryers, and fluidized beds (Cummins and Given, 1973).

Thermal drying differs from mechanical dewatering in that thermal drying removes
moisture from wet solids whereas mechanical dewatering removes suspended solids from
slurries.

Implementability. Thermal drying is a well established technology that is commonly
used in the mining industry. However, application of this technology to radiologically
contaminated river sediments is unknown. Radionuclides removed with vaporized moisture
may require extensive offgas collection and treatment. The technology is considered to be
difficult to implementable.

Effectiveness. The effectiveness of thermal drying depends on the moisture content
of the sediments. Thermal drying of river sediments removed by hydraulic dredging would
be ineffective due to the high water content. Therefore, thermal drying is considered very
effective for dewatering river sediments removed by methods other than hydraulic dredging
and limited otherwise.

Cost. The cost of thermal drying is considered high due to the high operating costs
of constant energy consumption for producing heat and potential offgas collection and
treatment. Thermal drying equipment is readily available and would involve only moderate
costs; however, modification may be required for application to river sediments contaminated
with radioactive constituents.

5.13 STABILIZATION/SOLIDIFICATION

Refer to discussion on Stabilization/Solidification, Appendix C, Section 1.12, in the
"Solid Waste Technology Descriptions."

5.13.1 Bitumen-Based

Bitumen-based stabilization/solidification is considered effective for the river sediment
fines that result from the physical or chemical soil washing. The increase in waste volume
due to solidification is expected to be offset by the volume reduction due to the soil washing.
The effectiveness is considered moderate.

5.13.2 Cement-Based

Cement-based stabilization/solidification is considered effective for the river sediment
fines that result from the physical or chemical soil washing. The increase in waste volume
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due to solidification is expected to be offset by the volume reduction due to the soil washing.
The effectiveness is considered moderate.

5.13.3 Polymer-Based

Polymer-based stabilization/solidification is considered effective for the river sediment
fines that result from the physical or chemical soil washing. The increase in waste volume
due to solidification is expected to be offset by the volume reduction due to the soil washing.
The effectiveness is considered moderate.
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Figure F-2. 100 Area Groundwater Plumes
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Figure F-4. Numbered Islands of Hanford
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Figure F-6. Technical limplementability Screening of Process Options
for River Pipelines and Sediments (page 1 of 3)
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Figure F-6. Technical Implementability Screening of Process Options
for River Pipelines and Sediments (page 2 of 3)
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Figure F-6. Technical Implementability Screening of Process Options
for River Pipelines and Sediments (page 3 of 3)
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]Figure F-7. JIpiementabilIty, Effectiveness, and Cost Screening of
Process Options for River Pipelines and Sediments (page 1 of 3)
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Figure F-7. Implementabllity, Effectiveness, and Cost Screening of
Process Options for River Pipelines and Sediments (page 2 of 3)
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Implementabillty, Effectiveness, and Cost Screening of
Process Options for River Pipelines and Sedimients (page 3 of 3)
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Figure F-8. Development of Alternatives for River Pipelines and Sediments
(page 1 of 3)
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Figure F-8. Development of Alternatives for River Pipelines and Sediments
(page 2 of 3)
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Figure F-8. Development of Alternatives for River Pipelines and Sediments
(page 3 of 3)
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AREA NUMBER AND DIAMETER OF LENGTH OF STATUS OF PIPELINE
TYPE OF RIVER PIPELINE PIPELINE

PIPELINES (in)

B/C 1 steel 42" 750'
I steel 66" 692'
2 steel 54" 665' 5 ft spacing between pipes; 5 ft of cover at shoreline;

completely exposed starting 25 to 30 ft offshore; 100
ft of pipeline undermined and unsupported; 3 in-
place anchors (2 exposed); subject to lateral loading,
scouring, undermining

D/DR I steel 66" 1830' 8 ft of cover at shoreline; exposure to springline at
times; for 50 ft offshore, 2 to 3 ft cover; scour bowl
depth of 17 ft, associated cliff of 7 ft; pipe subject
to lateral loading between shore and island

2 steel 42" 1850'

F 2 steel 42" 300' 8 ft of cover at shoreline; partially exposed starting
50 ft offshore for 50 ft; next 50 ft entirely exposed
and undermined up to 5 ft; end of pipeline is 100 ft
short of terminating structure; terminating structure
in depression bowl, 23 ft deep with 50 ft diameter;
50 to 150 ft total pipeline is missing; concrete
anchors moved offshore 2 ft, raised 4 ft, downstream
6 in

H 2 steel 60" 825' Buried under 5 to 18 ft of sediment/cover;
structurally stable

K 2 steel 84" 1281' Outfall is still active

N I steel 132" 1050'

Source: Beckstrom and Steffes 1986 -
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Radionuclide Concentrations in Sediments Upstream and Downstream
of Hanford, 1991

FT-2

Table F-2.

Concentration, pCi/g

Radionucide Priest Rapids Dam McNary Dam

Cobalt-60 0 0.2

Strontium-90 0.01 0.025

Cesium-137 0.5 0.6

Plutonium-239/240 0.007 0.008

Source: Woodruff et al. 1992
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Table F-3. Radionuclide Concentrations in Sediments Along the Hanford Reach

Radionuclide Priest Rapids White 100 F Hanford McNary Dam3

Dam' Bluffs Slough2  Slough2

Slough2

pCi/g

Cobalt-60 -0.002+0.009 0.035 0.055 0.036 0.278+0.145

(0.003)

Strontium-90 0.014+0.002 0.006 0.005 0.021 0.037+0.018
(0.024)

Ruthenium-106 0.014+0.021 0.210 -0.083 0.176 -0.076+0.068
(0.122)

Cesium-134 -0.079+0.061 -0.032 -0.042 -0.042 -0.028+0.006

(0.235)

Cesium-137 0.265+0.051 0.284 0.231 0.210 0.708+0.144

(0.527)

Europium-152 nm* nm nm nm 0.774+412

Europium-154 0.019±0.028 0.071 0.021 -0.016 0.125+0.019
(0.163)

Europium-155 0.049+0.025 0.091 0.055 0.077 0.093+0.007
(0.178)

Uranium-235 nm 0.090 0.086 0.063 0.065+0.104

Uranium-238 0.761+0.132 0.639 0.583 0.696 0.624+197
(1.44)

Plutonium-238 0.0002+0.0001 0.00005 0.0003 0.004 0.0009+0.0009
(0.001)

Plutonium- 0.0022+0.0006 0.0008 0.0013 0.0035 0.014+0.006
239/240 (0.005)

Source: Jaquish and Bryce 1990
'Average ± standard deviation, upper tolerance limit in parentheses.
2Concentration from single sample.
3Average ± standard deviation.
*not measured
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Table F-4. River Discharge Pipeline Characterization Data

Activity level
(Beta-Gamma)

Site Sample Type Isotopic Analysis Direct Technical Smear

Isotope pCi/g dpm/probe* dpm/100 cm 2

100-C Pipe section 33,000 6,700
inner surface

Loose scale** Cobalt-60 150
Europium-152 3,400
Europium-154 580
Europium-155 51

Pipe Cobalt-60 600
Scrapings*** Europium-152 7,700

Europium-154 1,300
Europium-155 150

100-DR Pipe section 30,000 6,700
inner surface

Loose scale Cobalt-60 150
Cesium-137 25
Europium-152 1,700
Europium-154 310
Europium-155 16

Pipe scrapings Cobalt-60 670
Cesium-137 28
Europium-152 7,000
Europium-154 1,200
Europium-155 83

100-F Pipe section 20,000 10,000
inner surface

Loose scale Cobalt-60 120
Europium-152 6,500
Europium-154 1,000
Europium-155 73

Pipe scrapings Cobalt-60 330
Europium-152 12,000
Europium-154 1,900
Europium-155 93

Source: Beckstrom and Steffes 1986
* Nominal efficiency for the P-11 probe used for these results is 10%.
** Loose scale samples were taken from sediment lying in the underwater pipe.

Pipe scrapings were taken from the inner surface of the cut pipe section after removal from the river.
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Table F-5. Threatened and Endangered Species Associated with the Columbia River

FEDERAL LISTING STATE LISTING

ENDANGERED

Shortface lanx (Fisherola nuttalli) Persistentsepal yellowcress (Rorippa
columbiae)

Columbia pebblesnail (Fluminicola White pelican (Pelecanus erythrorhynchos)
columbiana)

THREATENED

Bald eagle (Haliaeetus leucocephalus)

Aleutian Canada goose (Branta canadensis
leucopareia)

SENSITIVE OR CANDIDATES

Great blue heron* Southern mudwort (Limosella acaulis)

Common loon (Gavia immer)* Shining flatsedge (Cyperus rivularus)

Persistentsepal yellowcress (Rorippa Dense sedge (Carex densa)
columbiae)*

False-pimpernel (Lindernia anagallidea)

Source: DOE/RL 1993
* Candidate species
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Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Federal Water Pollution Control 33 U.S.C. 1251 et Creates the basic national framework Permit may not be required for CERCLA
Act, as mended by the Clean seq for water pollution control and water actions; however, subsantive
Water Act of 1977 quality management in the U.S. requirements uast be met.

Section 404 33 CFR Part 323 A Requires a special permit from the May apply where dredge and fill material RS-5, RS-6,
Dredge and Fill Regulatory 40 CFR Parts Army Cops of Engineers prior to the may or will be discharged to navigable RS-7
Programs 230- 232 discharge of dredge and fill material waters of The U.S. May be applicable if

into navigable waters fugitive sediments fimn river work impact
aquatic ecosystems.
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Alternatives
A/ Potentially

Description Citation R&A* Requirements Remrks Affected

Water Polhatiost Control Act RCW 90.48

Sediment Management StandardB WAC 173-2M Provides regulatory and management Pertinent to dredging and other activitics
goals for the quality of all sediments conducted in the Columbia River
throughout the Kate

Sedimeru Source Control WAC 173-204-400 A Requires application for sediment Applicable to human activity that exposes RS-3, RS-4.
Considerations impact zone authorizations and sets or re-suspends sediments which exceed RS-5, RS-6,

further requirements for managing standards of WAC 173-204-340 (se 173- RS-7

sediment contamination 204-110[31)
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Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Federal Water Pollution Control 33 U.S.C. 1251 et Creates the basic national framework Permit may not be required for CERCLA
Act, as amemded by the Clean seq for water pollution control and water actions; however, substantive
Water Act of 1977 quality management in the U.S. requirement must be met.

Disposal Sites for Dredged or 40 CFR Part 230 Establishes guidelines to restore and Parts of 40 CFR 230 may be applicable
Fill Material maintain the chemical, physical, and where dredged or fill material can be V

biological integrity of U.S. waters discharged into the Columbia River or if
through the control of discharges of fugitive sediments from river work impact
dredged or fill material aquatic ecosystem.. 00

Potential Impacts on Special 40 CFR 11230 A Restricts dredge and fill discharge to Applicable if wetlands, sanctuaries, RS-3, RS-4,
Aquatic Sites Subpart C, wetlands, sanctuaries, refuges, and and/or refuges are located in areas RS-5, RS-6, 0

Subpart D, and aquatic ecosystems. impacted by remedial activities. The RS-7
Subpart E Columbia River is located adjacent to the

Saddle Mountain Wldlife Refuge.
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Alternatives

At Potentially
Description Cilation R&A* Requirements Remarks Affected

Aquatic Lands Lease RCW 79.90 R&A Any proposed uses or action involving RS-3, RS4,
construction, filling, dredging, drilling, RS-5, RS-6,
mining, road construction, utility RS-7
installation, or other activities within
the beds or shorelines of the Columbia
River may require an aquatic land lease
and/or authorization.
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Table F-10. Volumes and Removal Rates of River
Pipelines and Sediments

FT-10

Media Volume Volume
(Loose Cubic Meters) (Loose Cubic Yards)

River Bottom Sediments 202,054 264,267

Pipeline Sediments 3,496 4,572

Island Sediments 36,812 48,147

Total Sediments 242,362 316,986

Pipelines (Uncrushed) 10,207 13,350

Total Waste Volume 252,569 330,336
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Table F-11. River Bottom Sediments and Pipelines Technologies
and Process Options

FT-11

Technology Process Option

Access Restrictions Use Restrictions

Monitoring River Water Monitoring

Covers/Revetments Silt/Clay/Sand
Grout
Riprap
Mattresses

Isolation Cofferdam
Silt Curtains
Diversion
Dikes/Berms

In Situ Stabilization/Solidification Pipeline Anchoring
Soil Mixing
Grout Injection
Ground Freezing

River-Based Removal Mechanical Dredging
Hydraulic Dredging
Demolition

Land-Based Removal Excavation

Onsite Disposal Same as Solid Waste

Offsite Disposal Same as Solid Waste

Physical Treatment Soil Washing

Chemical Treatment Soil Washing

Dewatering Mechanical
Thermal Drying

Stabilization/Solidification Same as Solid Waste


